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Teaching over GHA's TELNET is an exciting 
opportunity. You will be able to, reach arid help 
participants at hospitals all over Georgia; students 
who might not othervjise have access to your teacfiing 
expertise. 
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THE INTERACTIVE CLASSROOM 

Hospital TELNET classrooms are equipped with 
special telephone equipment so individuals can 
participate as fully in your class as if you were 
there in person. In the TELNET classroom, partici- 
pants are able to: 

* Hear your instruction 

* See slides of necessary information 

* See diagrams and illustrations in workbooks, 
textbooks, or other handouts 

* Ask questions or make comments 

* Hear all interactions between you and other 
participants 

* Practice with needed instructional apparatus 



Two-way communications 
All locations hear all 
other locations. 



Instructors 
Location 
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Participants use TELNET push-to-talk micrcphones to 
ask the questions or comment. 




The convener looks like a smal 1 stereo loudspeaker. 
The microphone' connects to the convener and both are 
then connected to the TELNET network system. The 
volume control allows level adjustment. 
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MEDIA USED IN TELNET TEACHING 



* Two-way voice communications with iristructor 

* Handouts 

* Workbooks 

* Slides 

* Textbooks 

* Actual objects or models 

* Pre-recordi ngs of lessons with instructor 
available for questions 



TELECONFERENCE TEACHING 

Teaching methods must be "adapted to suit the - 
structure of the medium. "1 The following material 
is organized into four categories .to help you adapt 
your teaching techniques to telephone/teleconference 
teaching. 



Asses sment 

Knov; your audience. 

Identify your purpose and objectives. Your 
objectives should be both measurable and 
behavioral in nature, but extensive detail is 
not necessary. 

Know group needs, so material will be relevant 
and usef u'l . ' ■ 

Understand the mechanics of the TELNET classroom. 
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(1) 

(2) 

(3) 
(4) 
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Pre-planning 



(1) Choose your format ba^od on your topic and class 
objectives. Interviews, lectures, panel discussions 

. role playing, and guest speaker participation are 
all possible on the network. 

(2) Plan your instructional materials so that they will 
correspond with your content outline and will 
require active note taking. 

(3) Include a brief bibliography, resource list, 
glossary, etc.," to help guide independent study. 

(4) Time your presentation. Research at the University 
of VJisconsin shows an optimum 1 ecture ^dur at i on to 
be 25-38 minutes with no more than three major idea? 
presented every 30 minutes. ^ 

(5) Group information into organized, meaningful utnts. 

(6) Plan a pre-class activity to encourage participa- 
tion, if desired. 



Presenting 

(1) Establish and- give some examples of ground rules 
for participant involvement at the onset of the 
class, i.e., a'sk participants to identify them- 
selves and their hospital when speaking, state 
whether comments will be taken by geographic area 
or spontaneously. 

(2) Be assertive and directive. You are leading 
the group. 

(3) Personalize your class/course. Address each 
participant by name, when possible. 

(4) Enunciate clearly and relax. 
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•Allow and accept pauses. In teleconference 
teaching, "everyday teaching problems are 
exacerbated by lack of non-verbal communica- 
tions. An instructor can feel uncomfortable 
if more than a few seconds pass after asking a 
question of the class. Often the teachers 
response to lack of visual cues is to increase 
verbal ones, and if this is not possiole, as in 
the case of a student not responding to a 
question, the lack of verbal response may arouse 
more anxiety than in a face-to-face situation "3 



Vary your delivery to hold group interest. 
A change of pace is" needed approximately every 
10 minutes (an asi^^, a pause for a question or 
comment, etc.) because adults are known to fiave 
short listening spans. 

Emphasize major points and be specific. Use 
"sets" or cues, i.e., ...the four areas of 
concern are..., ...this is important..., 
...note these facts... 

Repeat important data to strengthen the learr.- 
ing process. Refer to it again later in your 
presentat i on . 

Encourage participation. iomecimes partici- 
pants will be reluctant to use a microphone ard 
speak with so many others in attendance 
Sti mulate participation: 

*Ask for comments to the comments of others. 
•^Redirect the question to the group. 

^Initiate ^re-program or post-program 
acti vi ties. 

^Address participants at a few locations and 
request a response at the start of the 
session, i.e., "Athens, what's the weather 
like there?; it's raining here." 



^Assign a group leader. 



^Concisely rephrase major questions or comments. 

^Thank participants for their comment or question. 

*Suggest participants write dov/n their comments 
or questions as they are formulated so they are 
ready when the question/answer/comment session 
begins. 

^■Welcome questions and/or comments. 

(10) bre visual supports to stimulate interest and 
attention. Learning is enchanced when more than 
one sensory mode is stimulated. The TELNET system 
U3es slides and handout materials (charts, graphs, 
illustrations, bibliographic-, and outlines) as 
primary media for visual aids. 

(11) Identify each slide clearly, by saying: 

"please project slide one," 
"slide two please," 
"may v;e have slide three," 
"slide off please." 

HINT - (No more than 15 slides per lecture.) 

(12) Text or workbook material should be clearly 
referred to by page number. 



Evaluation 

(1) Make evaluation a continuous process. If the 
participant has knowledge of his progress, learning 
will be enhanced. Evaluation feedback methods 
include group work sessions, question/answer 
sessions, group discussions, post-session and/or - 
mid-session testing, and self evaluation tools and 
should determine if the parti ci pant has met the 
course/class objectives. 

(2) Completion of a G.H.A, TELNET evaluation form is 
requested of all participants. 



"The. almost universal first reaction to using a 
telephone/teleconference teaching method is that it'-is 
a strange, different experience - follov^^d by an 
excitement that it 'works' and reaches people with no 
other classroom situation available "to them. 
Increased contact with this medium makes one feel less 
and less odd using it - and more and more convinced of 
its importance as a learnirio experience to its 
participants,"^ 



We hope the information presented in this booklet 
v/ill help you plan and conduct a successful and enjoy- 
able teaching experience. 



■^ Hammond , Sandy & Martin, Elton, 1976. Getting th e 
Best Out of Teleconferencing , Commum cat i ons STudy 
Group, London, England, Paper P/76075/HM. 

xtension Instruct ional Media, ETN Series; 
Fact 5hee\ 2; page 1. 

3h ammond , Sandy; op. cit. 

^ Ful ler , Muriel L. "ETN: A Tool for CE in Communi- 
cation Programs The Status of the Telephone .in 

' Education . University of Wisconsin, Extension 
Division of Educational Communications, 1966. 
page 191. 
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ONE MAY HOW CREATE AND SPECULATE ON THE EFFECTIVENESS OF 
A SCENARIO OF THE FOLLOWING SORT. ONLY SOME OF WHICH IS FEASIBLE 
AT THIS TIME. A STUDENT ENGAGED IN WRITING USING A WORD PROCESSOR 
WITH AUTOMATED DICTIONARY COULD BE CUED ABOUT A VARIETY OF LANGUAGE 
ERRBRS RANGING BETVEEN SPELLING, PUNCTUATION, AND INCOMPLETE 
SENTENCES AT THE ONE EXTREME TO MORE COMPLEX ERRORS AND INSTANCES 
OF POOR LANGUAGE USAGE AT THE OTHER. FOR EXAMPLE, AFTER COMPLETING 
THE TYPING OF A PARAGRAPH, THE STUDENT MIGHT FIND HIMSELF CUED 
SOMETHING AS FOLLOWS: 

(1) LINES THREE AND NINE CONTAIN A SPELLING OR TYPING ERROR. 

(2) THIS PARAGRAPH CONTAINS AN INCOMPLETE SENTENCE SOMEWHERE 
AROUND LINES FOUR AND FIVE. 

(3) YOU USE THE WORD "DEVELOPMENT" WITH VERY HIGH FREQUENCY. 
TRY SOME SUBSTITUTIONS FOR A MORE INTERESTING PARAGRAPH. 

(4) THIS PARAGRAPH CONTAINS SIX SENTENCES — FOUR COMPOUND, 
BEGINNING WITH PREPOSITIONAL PHRASES — OVER THIRTY WORDS LONG. 
THIS COMBINATION IS GENERALLY POOR WRITING. YOU MAY WISH TO TRY 
FOR IMPROVEMENT WITH THE FOLLOWING CHANGES « fete. 

I HAVE DELIBERATELY SET ABOUT MAKING THIS SCENARIO SOUND 
PLAUSIBLE. THE EXPERTS CAN TELL US TO WHAT EXTENT AND WITHIN 
WHAT TIME FRAME TKJ- OPERATIONS I HAVE DESCRIBED ARE TECHNICALLY 
FEASIBLE. AND ESTIMIVE COST PROJECTIONS FOR SOMETHING LIKE IT 
OVER THE NEXT FIVE TO TEN YEARS. THIS CONCEPTUAL MODEL FOR 
IMPROVING STUDENT ACHIEVEMENT IS ONLY ONE OF SEVERAL CURRENTLY 
AVAILABLE TO US. I WILL MENTION ANOTHER MORE BRIEFLY LATER. 
I HAVE CHOSEN TO ELABORATE THIS ONE — IT IS RELATIVELY EASY TO 

- 10 - 
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OCSCRIBE — TO VENTURE AN OBSERVATION FOR WHICH WE HOW HAVE 
SOME LIMITED EXPERIENCE. AND THAT IS, THAT THE TIME NEEDED TO 
TRANSFORM A CONCEPT FOR IMPROVING STUDENT ACHIEVEMENT TO A 
WORKING MODEL WITH CURRICULUM WHOSE EFFECTIVENESS CAN BE TESTED 
TENTATIVELY IN A SCHOOL ENVIRONMENT IS LONG; IN ABSOLUTE TERMS. 
SAY FIVE TO TEN YEARS; AND VERY LONG BY COMPARISON WITH THE RATE 
AT WHCIH DRAMATIC CHANGES ARE TAKING PLACE IN THE HARDWARE 
AVAILABLE TO US. 

WITH THIS INTRODUCTORY OBSERVATION. I WILL TURN NOW TO A 
BRIEF. MORE SPECIFIC DISCUSSION OF THE EFFECTS OF PUBLIC POLICY 
AND PRIVATE- SECTOR INVESTMENT ON SCHOOL USE OF COMPUTERS TO 
IMPROVE STUDENT LEARNING. LET HE SAY FIRST THAT 1 BELIEVE SCHOOL 
USE OF COMPUTERS FOR THIS PURPOSE IS GOING TO INCREASE IN THIS 
DECADE. BUT NOT SHARPLY. I.e.. THAT THE DRAMATICALLY DECLINING 
COST OF HARDWARE WILL NOT BE HATCHED BY DRAMATIC INCREASES IN 
SCHOOL USE. I THINK LOW ACQUISITION COST FOR HARDWARE IS A 
NECESSARY BUT NOT SUFFICIENT CONDITION FOR INCREASED SCHOOL USE. 
OTHER DETERMINING FACTORS ARE EASE OF ACCESS. DEMONSTRABLE 
EFFECTIVENESS » AND THE AVAILABILITY OF QUALITY COMPUTER 
CURRICULUMS. I WILL DISCUSS EACH OF THESE IN TURN, STARTING 
WITH EASE OF ACCESS, AND I HAVE THREE THINGS IN MIND HERE: 
HATOIUIL.LANGUAGE INPUT AND OUTPUT. COMPUTER- GENERATED AUDIO. 
AND SPEECH RECOGNITION. 

(1) THE PROBLEMS OF ACCEPTING NATURAL-LANGUAGE INPUT OR 
PROOUCING-ACCEPTABLE INFORMAL NATURAL-LANGUAGE OUTPUT IS A 
SEVERE BARRIER. I BELIEVE. TO ACCELERATED CLASSROOM USE OF 

- XI - 
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COHPUTERS. DESPITE THE OCCASIONAL APPEARANCE OF A BREAKTHROUGH. 
THE TECHNICAL PROBLEH OF ACCESSING A COHPUTER FROGRAH USING 
NATURAL LANGUAGE CONTINUES TO RESIST SOLUTION. NO DOUBT THE 
CURRENT INTENSIVE EFFORTS OF DEVELOPING AND MARKETING 
SOPHISTICATED KORD PROCESSORS FOR OFFICE USE HILL HAVE AN 
IMPORTANT IMPACT ON THE LEVEL OF NATURAL-LANGUAGE PROCESSING 
THAT CAN BE IMPLEMENTED AT REASONABLE COST. BUT I WISH TO 
EMPHASIZE HERE MY SENSE OF THE IMPORTANCE OF ACHIEVING A MORE 
SOPHISTICATED LEVEL OF NATURAL- LANGUAGE PROCESSING THAN IS 
NOW AVAILABLE TO ACCELERATE THE USE OF COMPUTERS IN THE SCHOOLS 
TO IMPROVE LEARNING. 

(2) I THINK THE IMPORTANCE OF AUDIO TO FACILITATE INSTRUCTIONAL 
USE OF THE COHPUTER IS ALSO HIGH^ AND THERE HAS BEEN CONSPICUOUS 
PROGRESS IN THIS AREA FOR WHICH BOTH PRIVATE SECTOR INVESTMENT 
AND FEDERALLY-SPONSORED RaO ARE RESPONSIBLE. AUDIO SUITABLE 

FDR INSTRUCTIONAL USE SHOULD BE OF SUFFICIENTLY HIGH QUALITY TO 
ALLOW A STUDENT TO LISTEN TO IT FOR CONSIDERABLE PERIODS OF TIME 
WITHOUT A FEELING OF STRAIN. BEYOND THE QUALITY OF THE SOUND, WE 
REED TO BE ABLE TO SYNTHESIZE MESSAGES "ON THE FLY** RESPONSIVE 
TO PARTICULAR FEATURES OF A STUDENT'S WORK. 

(3) out CABABILITY FOR SPEECH RECOGNITION LAGS THAT OF SPEECH 
6ENERATIGN VERY SIGNIFICANTLY^ : AND SPEECH RECOGNITION MAY NOT BE 
AVAILABLE IN A FORM USABLE TO FACILITATE INSTRUCTIONAL USE OF THE 
COHPUTER UNTIL THE NEXT DECADE. THIS IS NOT SIMPLY A PROBLEM FOR 
INSTRUCTIONAL USE OF THE COMPUTER. BUT HAS HIDE IMPLICATIONS FOR 
VARIOUS COHPUTER USES, AND DEVELOPMENT OF THIS CAPABILITY HILL NO 
DOUBT BE THE OB<IECT Cr WIDESPREAD I HTI: REST IN BOTH THE PUBLIC AND 
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PRIVATE SECTORS. 

A SECOND FACTOR THAT MUST SURELY INFLUENCE SCHOOL USE 
IS DEMONSTRABLE EFFECTIVENESS. VARIOUS ELEMENTS KAY CONTRIBUTE 
TO DEMONSTRABLE EFFECTIVENESS, INCLUDING THOSE ALREADY 
DISCOsisEO WERE. BUT THE ONE I WISH 

TO CALL SPECIAL, If BRIEF. ATTENTION TO NQU IS A MODEL TO 
IMPROVE STUDENT LEARNING 1CR0HN AS CSTELLIOENT COMPUTER ASSISTED 

INSTBUCnON, OR £CAI. AS OPPOSED TO THE STUDENT MODEL OF 

OH 

IMPROVEMENT 3ASEDaDRILL-AND-PRACTXCE* ICAI IS BASED ON THE 
ASSUMPTION THAT THE . STUDENT HAS INTERNALIZED A' REPRESENTATION 
OF ANY SKILL HE IS USING. THIS INTERNAL REPRESENTATION IS 
PRIMARILY RESPONSIBLE FOR ANY ERRORS COMMITTED IN THE EXECUTION 
OF THE SKILL, AND ONLY A FEW OF THE ERRORS THAT OCCUR CAN BE 
CONSIDERED RANDOM. UNDER THIS CONCEPTUALIZATION. INDIVIDUALIZATION 
OF INSTRUCTION CAN TAKE A DIFFERENT. POSSIBLY MORE POWERFUL FORM 
THAN DIFFERENTIAL TIME SPENT IN DRILL-AND-PRACTICE. RATHER. AN 
ANALYSIS OF THE ERRORS MADE .BY A STUDENT WHILE PERFORMING MANY 
TASKS OF THE SAKE CLASS. THAT IS. THOSE INVOLVING APPLICATION OF 
THE SAME SKILL. CAN LEAD TO INSIGHT INTO. AND POSSIBLY EVEN 
PRECISE DEFINITION OF THE "BUG" ~ TAKEN FROM THE EXPRESSION 
: ^ - . - •PR^ BUG* — IN* THE STUDEWrs-REPRESENTATION OF THE SKILL. 

AND WHICH CAN THEN BE CORRECTED DIDACTICALLY. ONLY TIME CONSUMING 
AND EXPENSIVE DEVELOPMENT AND RESEARCH WILL REVEAL THE POWER 
ANg BRE A Bnt-OP - A PPLICATION OF THIS MODEL TO IMPBftVE STUDENT 
LEARNING. DR. JOHN SEELY BROWN AND HIS COLLEAGUES AT XEROX PARC 
ARE CURRENTLY EXPLORING ITS APPLICATION TO MATHEMATICS IN^TitUCTION. 

- 13 - 
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FINALLY, I COME TO THE QUESTION OF THE SOURCES AHO 
AVAIIABILITT OF COMPUTER CURRICULUMS — OF ALL KINDS — TO 
IMPROVE STUDENT LEARNING. I SHOULD SAY RIGHT NOW I'M UNABLE 
TO MY OWN SATISFACTION TO COME TO GRIPS MITH A LIKELY SCENARIO 
FOR THE DEVELOPMENT OF A RICH INVENTORY OF COMPUTER CURRICULUMS. 
I BELIEVE A RICH INVENTORY OF COMPUTER CURRICULUMS IS HEEDED TO 
GIVE TEACHERS A SENSE OF PARTICIPATION IN. THE SCHOOL USE OF COMPUTERS 
THROUGH THE OPPORTUNITY TO CHOOSE FROM A LARGE NUMBER • SINCE 
1 THINK UE MAY ASSUME THAT, FOR THE FORESEEABLE FUTURE, THE 
CLASSROOM TEACHER HILL NOT BE A DEVELOPER OF HIS OR HER OWN 
COMPUTER CURRICULUMS. THIS SITUATION DIFFERS SOME AT THE LEVEL 
OF HIGHER EDUCATION. 

EQUIPMENT VENDORS CERTAINLY HAVE THE CAPITAL RESOURCES 
NECESSARY FOR DEVELOPMENT OF COMPUTER CURRICULUMS, BUT HAVE NO 
ESTABLISHED ROLE IN PUBLIC EDUCATION, AND PRESUMABLY HAVE OTHER 
MORE PROFITABU INVESTMENT OPPORTUNITIES. THE PUBLISHING INDUSTRY 
IS CHARACTERIZED BY MANY AS RISK AVERSIVE, AND THE SCHOOL MARKET 
FDR COMPUTER CURRICULUMS IS CERTAINLY NOT HELL DEFINED AND 
ESTABLISHED AT THIS TIME. PERHAPS SOME SPECIAL, TEMPORARY 
ARRANGEMENTS INVOLVING PUBLIC, PROBABLY FEDERAL, SUPPORT ARE 
NECESSARY. WHICH CAN BE TIED TO THE OBJECTIVE OF DEMONSTRATING 
THE VERY HIGHEST STANDARD OF CURRICULUM QUALITY HE CAN PRODUCE 
HITH OUR CURRENT KNOHLEOGE AND EXPERIENCE. I LEAVE FURTHER 
DEVELOPMENT OF THIS_^OIjaLJP J>»E_^^^ THIS AFTERNOON 

AND TOMORROW OF THE VARIOUS WORKING GROUPS. 

- 14 " 
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I WOULD LIKE TO CLOSE WITH A POSTSCRIPT. CONTRARY TO 
SOHE EXPECTATIONS IN THE 1960's, I BELIEVE HANY WOULD NOW AGREE 
THAT INFORMATION RATHER THAN SPACE HAS BECOME THE DOMINANT 
METAPHOR FOR THE CLOSING QUARTER OF THIS CENTURY. AND THE 
TELEVISION RECEIVER AND THE COMPUTER ITS PERVASIVE REALIZATION. 
CITIZENS IN ADVANCED SOCIETIES MUST DEAL INCREASINGLY WITH 
INFORMATION ABOUT THINGS, RATHER THAN WITH THE THINGS THEMSELVES. 
SOME YOUNG AMERICANS WILL LEARN THIS AT HOME. BUT THERE IS NO 
BETTER PLACE TO INTRODUCE THE NEXT GENERATION OF ALL YOUNG 
ARERICANS TO THIS COMPELLING ASPECT OF THE FUTURE THAN IN THE 
SCHOOLS; AND HO BETTER WAY FOR THEM TO LEARN IT THAN BY PRACTICE. 
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Mr. Brown. Thank you very much, Mr. Melmed. You may assume 
tihe -throne up here, if you will. 

May I take this time to introduce another member of the Science 
Committee, the distinguished ranking member of the Science, Research 
and Technology Subconunittee, Mr* Hollenbeck of New Jersey. 

Do you have any comments at this time, Mr. HoUenbeck? 

Mr. Hox/CjKNBeck:. Thank you for the kind introduction. 

We all thank you for chairing these hearings today. I will just make 
a very brief remark and insert some remarks into the record of the 
hearing. 

Mr. 6ROwi<f. That is done without objection. 

[The complete statement of Hon. Harold C. HoUenbeck is as 
follows:] 
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OPENING STATEMENT 
HON. HAROLD C. HOLLENBECK. RANKING MINORITY MEMBER 
SUBCOMMITTEE ON SCIENCE. RESEARCH AND TECHNOLOGY 
JOINT HEARINGS ON 
INFORMATION TECHNOLOGY IN EDUCATION 
April 1, 1980 

;Mr. Chairman, It's time to take a fresh look at. the role of information 
technology arid Ainerl can education. For the past 25 years information tech- 
•nology In the form of TV, radio, and computers has tried to make inroads Into 
our public schools and universities without much success. Information tech- 
nology seems to work well In training environments with tightly defined 
objectives, but It has not fit into the more loosely defined objectives of 
the educational system^ 

' By its- nature. Information technology niust be an Invited guest In the 
classroom. As new technology becomes more "friendly" to the teacher. It may 
be Invited back 'more often. If It helps the teacher and Is not too expensive. 
It may even become an actual part of the classroom experience* 
.. Information technology In the form of computers, telephones and copying 
machines have made Inroads Into the business world. Office workers are 
somewhat comfortable with this technology and could conceivably use It as a 
medium, of instruction with or without teacher assistance. 

I wonder If adults will bring Information technology from the office 
Into the home; or will advertising of computerized video toys make the home 
the entry point of Information technology Into educational practice. 

I think, the future of Information technology In education will be deter- 
mined by the answers to three questions. Number one: Can Information 
technology reduce the costs of education to a point where all citizens can 
enjoy equal access throughout their entire lives?. 
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Number two: Has the state of the art of information technology progressed 
where the learning experience is superior to that of the traditional classroom 
situation? 

And. finally, will labor intensive educational institutions choose 
hardware over human resources in the politicized budgeting process? 

Mr. Chainnan. based on past acceptance by teachers, information technology 
may. never become a vital part of the educational establishment. However, it 
does hold tremendous promise for learning in the office or the home. 
Information technology can bring extensive bibliographic resources, rich 
visual experiences, and problem solving simulations into the hands of learners 
for prices that are becoming comparable to school textbooks. 

I thank these distinguished witnesses for helping our two subconmittees 
gain a better understanding of how information technology can contribute to 
education, either in the school or out of the school. 
Thank you, Mr. Chainnan. 
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Mr. HoiXENBECK. I know that we're on a limited time basis, and I 
have a plane to catch, but I know that all of us here are interested in 
seeing how we may acliieve realization of the potential educational 
benefits of the information teclinologies that we arc discussinjj: today. 
There are some obvious issues involved with the development and with 
achievement which our panels will be discussing. 1 am lookinjr forward 
to reading the transcidpt of the hearing, and I apologize for having 
to leave the hearing in several minutes. 

But thank you again, Mr. Chairman. You are to be commentled for 
your interest and for your endeavors in this regard. 

Mr. Brown. Thank you. We always like little commendations. 
_ Our next witne^ is r>r. Dustin Heuston who has had a long and dis- 
tinguished career in education at all levels, from college teaching and 
administration to elementary and secondary levels of teaching and ad- 
ministration. He has, for the past 2 or 3 years, held the position of 
chairrnan of the World Institute for Computer Assisted Teaching, an 
organization that I am looking forward to learning more about, and 
we welcome Dr. Pleuston at this time for his statement. 

STATEMENT Or DR. DUSTIN HEUSTON, CHAIRMAN, WICAT 
Dr. Heuston,. Thank you. 

I have some charts which I ask to be held up one by one. I do not 
necessarily want to imply metaphorically that this is an optimal role 
for NSF leadership — the charts are being held by Dr. Joseph T^ipson 
of the National Science Foundation. The truth is our technology broke 
down, and here we have another definitive example of our need for 
human support instead of just pure technology. 

Now for those behind the chaii*s who cannot see the charts, I have 
given a handout that has an identical picture of the contents of the 
charts.* 

Speaking for many of us, I would like to also compliment yon. Chair- 
man Brown, for your articulate and accurate statement and also for 
your unusual dedication and competence in running your hearingff 
Many of us have come to many hearings in Wasliington and vours 
sureljr stand out because of the leadership. It is an lionor and a privilege 
to be involved in a proceeding in which the leader shows such courtesy 
and thoughtful commitment. 

It is also a pleasure to address this group. I see many old faces and 
old friends who have been in the trenches, and I do not want to count 
the decades that we have spent working together to make the tech- 
nology a success. 

I would like to compliment Arthur Melmed for his leadership in 
this important field. Arthur kept the faith when there was a political 
cost to do this. Many of us have appreciated that. He has worked very 
hard to nourish and sustain many workers who tried for tlie past in 
or 20 years to obtain support in continued research in these important 
areas. We knew it was coming. We could not always get a hearing, but 
Arthur was always there working hard, and we appreciate it. 

Mr. Mklmed. Thank you. 

Dr. Heuston. I also agree with Arthur's excellent summarv of the 
status of the field. 

* A copy of the charts bcj^ln on p. 48. The number of the chart referred to 1h Indicated 
In the text. 
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Kow it is time to turn to the first chart. My concern here is to dis- 
cuss ^ends that are similar for various levels of education, such as the 
elementary, secondary, college, and adult training markets. Even 
though the information is not always appropriate to a listener's par- 
ticular interest, the principles will remain true for each level, and 
I will make some attempt to go back and forth in my discussion be- 
tween the various levels. . _ . . 

As this first chctrt indicates, the dominant metaphor in education is 
the loving teacher working individually with the student. This meta- 
phor is one that blocks our thinkmg about what is actually happening 
m the school system, and as long as we hold it at the center of our 
thought processes, we will never be able to imderstand the limits of 
the current educational d^very system. 

The second chart offers a clearer statement of what the actual meta- 
phor should be. What this metaphor indicates is that there is an aver- 
age of 25 to 30 students in every classroom with a teacher. Thus the 
teacher cannot interact personally with those students on an individual 
basis, no matter how committed he or she is. 

As a matter of fact, there is some rather discouraging data as to how 
much teachers can interact with their students. Before turning to these 
data, however, I want to show you next the constitution of a typical 
eighth grade class in terms of the grade levels on which each student is 
performing in any given class (Chart 3) . It is important that the lis- 
tener understand that a teacher is not only talking to the eighth grade, 
but an eighth grade consisting of students who are performing at vari- 
ous CTade levels that have noStiirig to do with the general system aver- 
age called the eighth grade. A scyod rule for discussing the differences 
in a typical elementary school situation is to say that there are as many 
years of difference in the students' ability in any given class as there 
are in the years represented by the grade level. Thus in a typical eighth 
grade classroom there are apt to be 8 years of difference m the ability 
of the student population. In other words, a student might be working 
at anywhere from, say, the fourth grade level through the 12th grade 
level. In the sixth-grade, the difference in student abilities is probably 
about a 6-yeir spread. As the students get older, the differences spread. 
Thus the teacher not only has to deal with 25 to 30 students in a class- 
room," but also with a broad range of ability levels in those 25 to 30 

students. ' ■ , - . . ' 

Now let me turn to some of the hard data that is very discouraging 
in studying how much individual attention a student can have usmg 
the warm inetaphor of a teacher working individually with a student 
(Chart 4). Two excellent studies have been made, one by Conant and 
another by Christiansen, which show that the current educational de- 
livery system cannot give a student more than 1 mmute a day or m- 
dividual instruction from a teacher. This is a system-wide average 
that can be violated at any time on an individual student basis, but still 
retains the average characteristics for the group as a whole. As the 
chart shows, the 1-minute-a-day figure breaks downto 10 seconcfe for 
every hour that the student spends in a classroom. This means that a 

^ "Kdent is'aUbwed apprbxi^^ of his :time with individual 

instruction under a loving teacher's care. Restated in terais of a 
school year, which may have 180 days of instruction, the student will 

; have one-half of 1 of his days of instruction during the entire school 

; year in an individual mode* 
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In other words, no matter how the school leadership states that it 
loves each and every child, the student is still restricted to 1/360 
of his or her time where instruction is received that is appropriate 
precisely to individual needs and interests. 

Now unless we understand these statistics in our bones and refuse 
to allow ourselves to think of a loving teacher metaphor as the dom- 
inant condition of the educational delivery system, we will be forever 
chasing rainbows in our funding policies as we attempt to improve our 
educational system. Generally speaking, a teacher cannot devote more 
time than the system average to his or hpr students. Obviously there 
may be many teachers who do perform at a much higher level of per- 
formance, but surely there are also teachers who perform at a less than 
optimal level, thus producing the true system average that has been so 
carefully documented. 

Thus, try as we may, the system average keeps coming out to the 
same level. If we want to help education, we must understand this 
clearly and put our resources into those areas which can help to in- 
crease individual instruction, or else we cannot come to terms with 
the fundamental limits of the current educational delivery system. 

Stated another way, the failure of the current delivery system is that 
it does not allow a learner adequate productivity. Almost all of our 
national efforts and almost all of our national rhetoric discussing edu- 
cational productivity is handled exclusively in terms of how produc- 
tive tJie teacher is. Unfortunately, the teacher, after 500 years of 
experimentation, is about as productive as we can make him or her. 
Althoujafh the teacher works very hard with the 25 to 30 students, there 
simply is a limit to how productive he or she can be within constraints 
of the system. 

Some of our early efforts have been to use technology to extend the 
productivity of the teacher directly by putting the teacher on tape or 
broadcasting his or her image through a television tube. Increasing 
the teacher productivity in this way does little to aid the student whose 
need for productivity is incivasing his individual attention in those 
areas where he or she needs fundamental help. Stated another way, 
the real problem of the educational delivery system is ^'learner pro- 
ductivity,'^ and not "teacher productivity." Thus we are going to have- 
to become sensitive to a new phrase in our culture, "learner produc- 
tivity." 

Tfie great need in the future will be increasing learner productivity 
from the 10 seconds per hour for individual instruction to some high 
multiple of this amount (Chart 5>. Unless this critical problem of 
learner productivity in the form of individual instrtiction is addressed, 
the delivery system will not improve no matter how much capital is 
put into it. 

The use of technology is the most obvious method for improving 
learner productivity in terms of individual interactive instruction* 
Unfortunately, technology has a very seriously distorted negative 
image when placed against the dominant metaphor of the loving 
teacher working with the individual student. Even more importantly, 
the technology that can help^ the student improve the productivity of 
his educational experience is restricted to those technologies which 
have a computer present in the instructional process. Tt is important 
to understand that television or videotape or movies lack this requisite 
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capability, and hence they cannot make a very serious contribution to 
helping the student with individtial instruction. 

The next chart (Chart-6) is a description of what is happening in 
terms of the labor market, and furthermore, what is happenmg to our 
children and the implications for them in the labor markets of the fu- 
ture. What the graph shows is that the amount of training required for 
a decent job in our society has been improving steadily since 1400, and 
particidarly it has been accelerating during the latter part of this 
century. The other line shows the amount of useful work that the edu- 
cational delivery system that we have had for the past 500 years is 
capable of producing. As you can see, the line representing the neces- 
sary training has begun to soar over the line representing what the 
current system can produce. Thus increasingly we are haying a short- 
fall between the requirements for education and the ability of the de- 
livery system to prtmuce it. . 
^ Even more discouraging is the fact that the line representing the 
amount of effective instruction capable under the current delivery sys- 
tem has now flattened out, and no amount of additional money appeara 
to be improving it (Chart 7). As a matter of fact, between 1950 and 
1975, the investment in the educational delivery system more than 
doubled, and during this same period national scores sagged slightly. 
Bestated in terms of the gross national product, between 1950 and 1975 
the level of expenditure went from 3.4 percent to 7.4 percent. 

We have learned in society that when we pour money mto a deliv- 
ery system and it does not produce more useful work, then we have hit 
natural system limits; or stated another way, the delivery system has 
matured. Put in terms of a more homey metaphor, the horse as a trans- 
portation delivery system is able to produce approximately 1 horse- 
power. If we whip the horse, feed it special diets, shod its feet with 
titanium, and aerodynamically work on the arrangement of its mane:, 
then we still are not going to get much more than 1 horsepower out 
of it. If we insist on inyesting a great deal more money to try to get 
more than the 1 horsepower, then we are wasting our financial re- 
sources. . -1 J. ^ 
Thus the delivery system always sets the limits for the amount of 
useful work that can be produced. Moving from this abotraot concept 
to a devastating statistic of its implications, I would note the* the 
latest tests show that 42 percent of the 17-year-old blacks in Amenca 
are functionally illiterate. We must look this statistic m the eye and 
fac« it without sentimental equivocation. Wha* it says is that the cur- 
rent educational delivery system is failing. Furthermore, despite pour- 
ing more and more money into the system, we have been unable to 
improve the statistics. , „ 

Similarly, in New York City the reading scores are dhillmg. Forty- 
five percent of the high school ix>pulation cannot read a simple para- 
graph for comprehension. An additional 23 percent can barely do so. 
Commenting on these and similar statistics, the executive director of 
the NAACP recently said, "What is to become of the black race in 
America ?" Without functional basic literacy, a black student is ^oing 
' to have a^^^^ work in a society that is increasmgly 

turning to knowledge workers in its labor force. . 'x. « . 

■ As one sociologiib commented, the dominant mdustry m the ftrst 
third of the century was U.S. Steel ; in the second third it was General 
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Motors; and in the last third it is IBM. The implications of tliis anal- 
ogy are that the work force required for each of these industries has 
^own increasingly sophisticated in its capabilities. Put another way, 
If too many of our people are functionally illiterate, they cannot work 
successfully m our economy. Therefore, we are inevitably going to have 
an enormous inflationary drag on the economic system of our country 
as we must pay to support people who cannot work productively, or the 
fabric of society will be torn to pieces by those groups who are unable 
to make a satisfactory living wage. 

The final point on Chart i shows another discouraging statistic suo-- 
gestmg Professor Uermstein's analysis of the implications of the Cole- 
manreport. He has pointed out that in his opinion the implications of 
the Coleman report are that our educational delivery system, contrary 
to all public perception, is relatively equal in its treatment of it«=; 
students. 

In other words, try as you may, in researching any area of the coun- 
try, you wiU have a difficult time finding inequality in any area that 
can be measured m terms of resources in the current delivery system, 
rhus the number of books available, <the type of physical plant, the 
level of training for the faculty, the numbers of school days in the year, 
et cetera, are relatively equal. 

The only things that turned out to not be equal are those things which 
TVG cannot purchase. Some of these are the perceptions of the children 
as to the rmportanoe of education as a function of the traditions they 
were raised in ; or, similarly, their attitudes toward discipline and the 
values that they expect from their school experience. 

The ultimate impact of the Coleman report was that it devastated 
educational leadership because it made pessimists out of many people. 
WHat It suggested is that if you have a relatively equal system, pouring 
"^PI??^i"i^® going to affect things dramatically. The implications 
of the Coleman report have been borne out in the experience wo have 
J/fSt^^J*®"""^ money into the system since the Coleman research in 

I would like to call our attention to an equation that can clarify my 
central points \'ery quickly (Chart 8). The standard equation for dis- 
cussing the amount of useful work that any delivery system can pro- 
duce, be It tr-ansportation, communication, war, or education, is that 
the number of workers times the efficiency level that thev can be t rained 

•m?^®^® equals the amount of useful work in the delivery system. 

When a delivery system is static, people tend to work at raising 
more money to increase the number of workers, or conversely thev work 
at schemes to make their training or productivitv more efficient ^ Chart 
y). In education, for example, foundations and governmental agencies 
have invested heavily in increasing the support for the number of 
workers by adding paraprofesPionals : thev 'have increased teacher 
training; they have worked at the physical plant to make the atmos- 
phere more pleasant for the students: they worked on decentralizing 
education and scheduling;' and thev have even experimented with man- 
agement-by-obiective techniques to help increase the efficiency of the 
educational delivery system. The problem with all of these investments 
IS that they do not touch the fundamental limit of the current delivery 
system, which is, how do we improve indiv^dual instruction beyond the 
current system limits which restrict it to %6o of the day. 
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Thus you can add flourescent lights, incandescent lights, purple 
lights, special windows, no windows, laboratories with special equip- 
ment, auditoriums with television cameras, or very simple small rooms. 
But when you are all done, none of these things will affect the funda- 
mentallimit of the current educational delivery system. - 

This is a very important issue, and the listener must understand it 
totally (Chart 10). For example, if you say that a student is onljyr 
getting 10 seconds per hour of individual instruction^ and you decide 
to buy more workers in order to improve it, you will find that you 
have improved things very little. One study indicated this and showed 
that it went .from 1 minutes a day to 1 minute and a few seconds after 
the teaching population was doubled by placing paraprofessionals in 
the classroom. Thus you have a fundamental system limit that cannot 
be transcended unless you go to absurd investment levels. 

The public perception of the shortcomings of the schools is that we 
are having d&iplme problems, or we have forgotten oiu* way and 
failed to keep the basics as the heart of the curriculum. In fact, we are 
not facing a moral problem, a discipline problem, or an example of 
national softness. What we are facing is a work problem. The amount 
of work that the delivery S'^stem can deliver as currently constituted 
is inadequate to the tasks that are now required for a more educated 

worker in our society. , . , j. • 

The idea of hiring more workers is aiwa;ys a very temptmg siren 
song. While headmaster of a private school m New York City, I one© 
faced a situation where I desired to learn more itbout the students 
individual l«*aming profiles so that I could communicate more accur- 
ately to thtsm and to their parents the nature of their latent abilities. 
In <»i?or to help me in my quest, I developed a leammg research cei^r 
in this tiny school. My resources, in retrospect, were extraordinary. ^ or 
a student population of 500, I had 3 Ph. D.'s working fulltime in the 
learning research center, 25 parent volunteers, and 7 predoctoral fel- 
lows from Teachers College of Columbia University . 

Nevertheless, the processing of these students took so much time 
that we could not even dent the problem of getting an accurate assess- 
ment on the students' abilities and communicating these to the teachers 
and parents. I soon found, to my chagrin, that what I was reaUy facing 
was a work problem. The amount of work that that large population 
of piofessionals could produce was totally inadequate to the needs of 

*^T£e nextchart (Chart 11) discusses some key deficiencies in the cur- 
•ent delivery system. Obviously there are many deficiencies that are 
not covered here, but these specific ones are mentioned because they 
represent weaknesses of the delivery system that can be overcome by 
the judicious use of technology. ^ „*. 

In addition to the first pomt which we have now discussed at length, 
the delivery system has a difficult time in assessing the learner profile 
of the students. When we attempt to get a more accurate picture of 
how a student really learns as a learner or what his or her apecihc 
learner attributes might be, we find this is too severe a work problem— 
as I iust described in my attempt to produce a learning research cen- 
ter at the school I directed. Because of this work limitation, we are 
unable to test students adequately to imderstand their umque lea,mer 
profile or to communicate whatever data we do have to the student, 
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other faculty members, and the family. And what is even worse, even 
if we were able to assess information about true individual differences, 
we still have to treat students almost identically in groups of 25 to 
30 within the system because of the work limitation of the teachers. 

We have already mentioned earlier the difficulty of having the 
spread of learning abilities throughout an instructional unit of 25 to 
30 students. By definition, this sj>read insures that much of the ma- 
terial that a student is subjected to is inappropriate for his or her needs 
or interests. 

Obviously, with appropriate technology in the form of student work 
stations, a great deal of additional work can be generated by harness- 
ing the power of the computer to do work in helping to alleviate these 
delivery system limitations. There are other attributes to having a 
private work station, however, which also improve a serious weakness 
of the delivery s^^stem. The exposure of a student to a public learning 
situation every time he is faced with a specific learning trial in the 
form of faculty Questions or peer comments can have a very devastat- 
ing psyoholo^cai affect on learners which stops them from becoming 
active participants in the learning process. Faculty tend to miss this 
point in a classroom situation because in response to generalized ques- 
tions to the class they tend to be rewarded with a sea of waving hands 
requesting permission to give the answer. 

I once photographed a set of classroom dynamics to show the teacher 
what was really happening. In the first slide the teacher asked the 
(question, in the second slide about 7 or 8 of the students from the sec- 
tion raised their hands and aggressively sought the teacher's attention. 
But I pointed out to the teacher that two-thirds of the class was not 
trying to ^et her attention, and in fact, quite a few of the students, 
were ducking their heads to avoid eye contact or the possibility of be- 
ing called upon. Two or three of the students having the most diffi- 
culty were actually raising their arms and ducking their heads under 
them as if to ward off a blow. These students were not only fleeing from 
active trials in a learning situation, but were publicly exposed to the 
possibility of ridicule or public embarrassment every ^ay of the school 
year* 

"We must never underestimate the power of social embarrassment 
in public learning situations or interactions. Even at the age of 48, I 
can recite to yon almost every case from my educational history where 
someone laughed because of something T said in a classroom setting. 
I'm sure all of you had similar experiences. The irony of this problem 
is that the people who need the help the most in the classroojii (those 
having the most learning difficulties) do not want to expose them- 
selves to further public ridicule and hence do everything they can 
to avoid any learning trials. Distributed work stations which allow 
a student to sit privately at a terminal and try to master a process 
over and over until the point where achieving is consummated is ideal 
for this type of student. 

Another weakness of the current delivery system is the way it re- 
stricts learning to a single location, the classroom* If we were able to 
distribute meaningful instructional interaction on a personalized level 
to the home instead of just the school, or to other areas of the school 
such as libraries and resource centers, then we could improve 
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dramatically the 10-second-per-hour limitation of personal interactive 

instruction. . 

One of the great ironies of education is that an enormous percent- 
age of the materials that the students struggle to learn will shortly be 
forgotten because of the learning decay problem. Because there is 
nothing that we can do about this, the delivery system as it is now 
constituted tends to ignore the issue. Once June comes and the students 
are released, the teachers no longer feel responsible for seeing that 
they are refreshed with additional trials lest they forget the materials. 
This is not a criticism, but a simple fact of the limits of the delivery 

system. • t -l 

A closely related one is that of updating the students with the 
latest information. Once a student leaves the school classroom situa- 
tion, the school no longer feels responsible for updating the alumnus 
on the latest materials because it would simply oe too great a work 
problem. With the introduction of distributed work stations in the 
future, we will be able to offer refreshment at critical times for stu- 
dents who are about to enter a severe learning decay sequence. Thus 
the computer program will be able to calculate, based on individual 
learning profile information, when a learner will begin to forget some 
fundamental concepts that have been taught. 

By offering the capability to automatically refresh at these key 
times, the distributed work station will keep the learned concepts 
alive in the student with just a tiny fraction of the time that it would 
take if the student allowed the decay to continue for too long a period. 
Similarly, students will be able to be updated automatically when new 
information supersedes data that were taught earlier. 

Finally, the current delivery system suffers from an extraordinary 
lack of instructional consistency on the part of the teacher. Teachers 
are human and have the same cycles of boredom and stress as all other 
individuals, and as a result, they tend to teach according to current 
moods or interests rather than to say the same thing day after day 
in a consistent fashion to the students. One of the great advantages 
of technol<^y is that it can offer perfect consistency day after day to 
students who are trying to leam the procedures, algorithms, and 
terminology associated with complicated learning experiences. 

Chart 12 illustrates the appropriate equation for analysing a de- 
livery system, any delivery system. As you can see in comparing this 
with the earlier equation, I have added another box entitled "system 
technology factor." What this equation indicates is that tiiere is 
another factor which provides the greatest potential leverage in most 
- deliveiTT systems; the system technology factor. For example, if we 
were discussing transportation systems, and we were using the horse 
as our example of the work component of the delivery system, then 
the system technology factor would be 1, representing 1 horsepowOT. 
This assumes that I have one worker who has been trained to an effi- 
ciency of 100 percent. 

If I train another worker in the use of the car, however, I now have 
a new system technolojsry factor of aipproximately 300. And if I were 
training another individual to fly a jet aircraft, a system technology 
factor would probably be 30,000 or so. 

TOius, the real multiple, or leverage, comes from the system 
technology factor. The implications of this for our presentation today 
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are that if indeed we are starved for adequate work in our educational 
delivery system because the teacher can only work on an individual 
basis -with the student for an average of 10 seconds out of every hour, 
then the way to solve this problem is to use a much higher system 
technology factor that will allow us to produce exponentially more 
work to give the student his individualized interactions. 

It is important to undei-stand that once a delivery system matures, 
that the only way we can produce the additional requisite work in 
that delivery system is by introducing a new system technology fac- 
tor. An interesting thou^^ht is that probably the speed of light, since 
it is the fastest known thing in the universe, is probably the ultimate 
technology factor. Once you can harness the speed of light as your 
technology factor, then there is no contest with any other delivery 
system. 

For example, if I wanted to send a message from my New York 
office to my Utah office by "Pony Express," the horse would not have 
traveled more than a few feet before I would have completed the 
message by using the speed of light as an alternate delivery system. 
Most people are not aware that the "Pony Express" ceased operating 
1 week after the connection of the first coast to coast telegi-aph. 

Thus, when you can use a technology factor that gets close to the 
speed of light, you have reached the theoretical maximum in terms 
of what a delivery system can do. This is precisely what a computer 
does. When we use a computer, we are harnessing something close to 
the speed of light as we use electricity to generate useful instructions 
in the computer. After 15 years of careful research, we have discovered 
that the work bonus that the computer brings can be used in a number 
of useful ways. The task in the decade ahead will be to help harness 
the exponentially greater amount of work that the computer can 
generate for the educational delivery system in a useful way that will 
help children and faculty members complete their educational tasks 
successfully in an atmosphere that is pleasant. 

Chart 13 expresses the practical implications of this equation as 
elaborated on a graph. What this graph indicates is that the proper 
introduction of technology will allow far more work to be done by 
the educational delivery system. This in turn will improve the 
effectiveness of the delivery system, particularly through giving the 
individual the opportunity to have far more individual instruction, 
and raise the effectiveness of the educational delivery system to a 
level that is more than required for training potential workers or 
students in the future. 

Chart 14 elaborates the two most fundamental technologies of the 
future that I would like to call your attention to. The first is the 
computer. The computer's power is needed because — and I hesitate 
to use the word here because it has strong connotations that sometimes 
upset people — it can produce the type of artificial intelligence 
distributed locally to the student and interact with him on a personal 
basis. In other words, you are going to be able to distribute a type of 
processing or artificial intelligence to the work station level that can 
interact with the student. I must point out imequivocally that if we 
attempt to use technology without the computer, we are going to have 
an extremely limited impact because in the absence of pi*ocessing or 
artificial intelligence that a computer can carry, the delivery system 
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- is^ tmable the kind of interactivity — through trials end 

feedback and — -tiiat the student needs to increase his 
: learner . productivity . ' 

: l^Qte uiat' if a . child has access to a teaxsher talking to him, but 
. cainnot ask the teacher questions or be asked questions by the teacher 
beoaiise of system constraints, then he is restricted^ in terms of the 
: nmnber of meaningful trials and personal activity that he can 
become inyplved in. Thus, replicating the teacher by putting them on 
tdlevisioii or placing him on a movie or slide tape, accomplishes very 
little for the student. He is still a passive observer — ^he is still watching 
someone else, and he still gets anything from, zero to 1/360 of his 
'[ time at a maximum in a situation where he has individual interactive 
instruction. 

Hius, no matter how we launch more satellites, better satellites, 
more profound satellites, or friendly satellites,^ we are not going to 
change anything in terms of producing television for the general 
popmation that will have any impact. This is because television never 
has, or never will be able to accomplish a significant individual 
interactive situation with the student. 

One of the greatest problems that educational reformei^ have had 
in using technology is that they have been indiscriminate in their use 
of it without understanding that only one or two of the technologies 
can make any fundamental difference. All technologies are not the 
same, and unless the computer is present, with the type of distributed 
or artificial intelligence that can ffllve the personal interactive situa- 
tion to the student, then very little improvement can be given to the 
delivery system. I do not have time here to discuss the many ways that 
the computer's distributed intelligence can be used, but it is important 
to understand that it^must be present if any fundamental change is 
to take place in the delivery system. 

The second new fundamental technology is the. laser. It too is a 
derivative of light, but it is being used in a special application that 
will allow the amounts of information that can be stored to improve 
rather dramatically. In its most obvious format, the laser will be used 
with videodisc to store a great deal of information for student instruc- 
tion. It not only can produce more information, but also has a much 
more interesting format than a computer can generate. Thus, it can 
involve color, movies, sound, motion, and a type of personal identifica- 
tion with thought, t^aracter, and situation that humans enjoy m 
watching movies or drama. _ , 

Tn the videodisc, the laser is used as a stylus, much as a phonograph 
uses a needle. But since it is made of light and can produce such a fine 
point, it does not wear anything out on the record and can acce^ an 
extraordinary amount of information. This allows a videodisc player 
to pull in any one of 54,000 color photographs from one side of a 
videodisc and* hold it permanently on the color television screen as it 
replays the same groove 30 times a second without wearing it out. 
The iTational Science Foundation has been deeply involv , d in work- 
ing on using these new technologies with a number of programs, and 
there is little question that the combination of the microcomputer and 
the videodisc will be the ideal instructional format of the future. 

Chart 15 is reallv an engineering chart to help explain to you some 
of the technological forces that will be producing the technologies of 
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the future for us in. a very economical fashion. What the graph in- 
dicates is that the number of transistors that can bo placed on a small 
chip which is less than your small finger now has doubled every year 
since 1960. As in the case of mathematics, the doubling phenomenon is 
not particularly very interesting at first. First, it goes two, then four, 
then eight, et cetera. But toward the end of the doubling cycle, the 
numbers get enormous- Sometime during 1980, laboratories will be 
producing prototype chips with 1 million transistors on them. Semi- 
conductor experts generally, agree that the doubling should begiii to 
slow down after 1980 to every ±1/2 or 2 years instead of every year. 
Nevertheless, the practical implications of this diagram are that by 
1985 or 1986, we will begin to manufacture chips that have the equiv- 
alent of a powerful IBM 370 computer on them with 1 million bits of 
memory, all on the same chip. Preliminary estimations are also that 
thees chips should sell in wholesale quantities in the neighborhood of 

One of the reasons that I was attracted to work with computers is 
that I stumbled across an earlier version of this chart in the late 
1960*s. I did not believe it, and at first did not pay very much atten- 
tion to it. I have a Ph. D. in English and have never been formally 
trained as a technologist. I was so irritated, offended, and attracted 
by this extraordinary graph that I began to follow the field and to 
study the literature to see if it really were true. After a number of 
years of intensive study and observation, I learned that the curves were 
coming true, and as a resultl ledft my profession of running a school 
to prepare for the onslaught of these devices. 

The cost of these chips is astonishing because in high volume, manu- 
facturers are able to make them for as little as $3 to $4. When a new 
chip first comes out, it is usually quite expensive, but within a couple 
of years if it suc ceeds in acliieving' liigh volume, the price drops to 
this low level. We pre buildins: a computer memory which uses chips 
with 4,000 bits of memory on them that cost us $4 apiece. We are also 
ordering the newer chips which have 16,000 bits of memory on them 
because the price has recently declined to the $4 range also/Thus, for 
the same dollar value, I now have four times the memory power. We 
are also purchasing the newer chips in prototype quantities for $50 to 
$100 that have 64,000 bits of memory on them. Within a couple of years 
their price also will have fallen to the $4 range. 

Chart 16 indicates how these transistors, will be . used to produce 
various memory and computer devices. You can see that shortly after 
1970, the one-chip calculator was produced, and that by 1980 a 16-bit 
microprocessor and the 64,000 bit RAM memory were commercial 
products. The next predicted commercial product that will have a 
strong difference will be the start of adding to the 16-bit micro- 
computer 32,000 bits of memory on the same chip. And then sometime 
by the mid-1980's or latter part of the decade, we will have the 32-bit 
microprocessor with 1 million bits of memory all on the same small 
chip. 

Chart l7 discusses the declining cost of memory. You do not have 
to be an expert to^ see that this is one of the few areas in our society 
where all the cost lines are declining rather dramatically. 

In terms of educational usage, the practical implications of these 
three charts are that the work stations that we manufacture for stu- 
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dents ia schools, and ultimately even in the home, will soon reach a 
level where the expense is not prohibitive. This is an important ingre- 
dient in attempting to produce a usedEul market for work stations for 
the schools. Practically speaking, in 1965 itijost $50,000 for one work 
station for a student. The work station itself did not cost $50,000, but 
if a computer was $300,000 and it could support only six terminals on 
it, then m effect the cost per work station was $50,000. Ten ye&i^ later 
in 1975; the work station had dropped one order of magmtude to a 
price of $5,000. Ten years after that, in the 1985 range, we estimate 
that work kations wiU be in the $500 to $1,000 range. Thus, we can 
see that technologically the stage is set for the delivery of economic 
work stations to both school and the home markets to give the stu- 
dents the additional work potential with distributed intelligence 

^^Kot^I would like to turn to discuss how we are g:oing to use this 
jaew distributed power, this new ability to do work with an improved 
delivery system, m the decade ahead. Clearly, we have 15 to 20 years, 
worth of research that's been done by some outstanding pioneers. Many 
of them have spent months and even years at termmals, staying up 
half the night to code machines that were ornery, to say the least. As 
I look throughout this audience I see many old friends and experts who 
worked hard to use this new technology. -n i, t^t 

As Chart 18 indicates, we know at least seven ways we will be able 
to use this new power to improve the delivery system. At least tlxe 
first two items, that is computer-managed instruction — OMJ. — ana 
drill and practice, have already had a ^nodest degree of f ^^cess.^ 

Chart 19 discusses the first task, CMI, m greater detail. Computei- 
managed instruction is an important attribute not only because it helps 
teachers manage the instructional flow better, but al^o because it dif- 
fuses their anxieties about computers while it helps them with difficult 
bookkeeping chores. Contrary to general wisdom, not all of the early 
efforts to sell computers to schools were failures. One man who was 
particularly successful was Harvey Brudner, who ran Westinghouse 
teaming. He was very successful in writing excellent computer- 
manged instruction packages for teachers and learned to market them 
to tl5> school systems- Most of the early systenis that are gomg out on 
the home computers to the school systems are also including computer- 
managed instruction packages in order to attract the teaxsher s atten- 
tion by offering a genuine service in an area that can be drudgery lor 

the faculty member. 4.i,« 

Some oi the qualities of computer-manged mstrucUon are the ability 
to ffive pre- and post-tests, offer diagnostics, help the students with 
assignments, keep student records for the classroom teacher m the 
sch<5)l, and to assure competency-based performance. We are now 
workiAg on programs, for example, that will test the student to see 
how he or she understands elementary school mathematics topics. One 
program we have developed has over 2,000 test items which can dis- 
ho^rev to a finely tuned degree how knowledgeable a student is m any 
of the elementary school mathematics topics. Having discovered the 
students' proficiency, the program then makes assignments to the stu- 
dent by tLtbook, title, and Jage number for those textual materials 
that are available as a resource in that particular classroom. Ihus, the 
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tettcher has a great deal of work being done for him or her without 
having to be present to do all the testing", assigning, and recordlceeping. 

XJsing computer-managed instruction is an excellent way to begin 
the introduction of computers into the school system. Since the com- 
puter is not involved in teaching with these programs, the teacher 
does not feel threatened initially by having the computer a part of the 
educational process. 

Chart 20 di scusses a second contribution that computers can make 
through the administering of drill and practice materials. Patrick 
Suppes of Stanford TJriiversity, with tlie help of the National Science 
Foundation, the National Institute of Education, and various govem- 
mental agencies and foundations was able to develop some outstanding 
drill and practice materials during the late 1960's. His research showed 
us how to arrange and administer drill and practice sessions in mathe- 
matics," in particular, for students. Although the programs look de- 
ceptively simple, there is really a great deal of distributed processing 
or artificial intelligence present in these programs. 

First the computei* has to look up and generate questions that are 
appropriate to the students' current level of competence, then calculate 
whether or not their response is appropriate, and take action if it is 
not. Furthermore, it ^ has to monitor the progress of the student and 
change the level of difficulty of the programs if they are becoming too 
easy or too hard for the student. Then the program also keeps records 
and produces patterns so that teachers and administrators can study 
esiactly what the student is doing in terms of useful educational work. 

On one site visit where I had a 16-terminal room, I had a class of 
20 students working in the room. Sixteen students who worked on the 
terminals were getting many trials with feedback per minute, while 
the four students who were left out were assigned to do their drill and 
practice work on paper and pencil. Within a few, moments, they were 
all standin^^ in a. Jine to talk to the teacher to see how they were doing 
on their drill and practice programs, and as a result, most of the 
period was a waste for them in terms of useful learner productivity. 

This approach is not a panacea, and in fact has some distinct prob- 
lems. The most critical one is that if the student does not know the 
answer, then the program can only say "No, try again," or finally give 
the answer if the student continues to miss. This leads to Chart 21 
which discusses the concept of helps. Helps take the level of contribu- 
tion of the work station up a whole level by helping the students learn 
how to solve a problem that he or she cannot do. Helps can be broken 
into two categories, general helps and specific helps. In a general help, 
if a student missed a specific math problem nnd didn't know how to 
do it, then he or she could call in a help which explained how to do a 
problem similar to the type that he had missed. A specific help is even 
more useful because it recalls the very problem that the student has 
been unableTo solve and then systematically breaks down the arith- 
metic operations and shows the student how to solve that very prob- 
lem. B.v l^i'Sl^ a few publishers will begin to distribute some materials, 
primarily in mathematics, which have these first three capabilities, 
that is, CMI, drill and practice, and the use of specific helps. 

Chart 22 discusses a fourth level of contribution that the new tech- 
nology can offer to the delivery system. In the first three uses, there 
was an assumption that the teacher had taught the student the edu- 
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cational concepts, and the computer was being used to help solidif>- 
the concepts or remind the student of what they were. Inevitably, how- 
ever, different students in any section will want to move ahead of the 
pace that the class is setting and would like to have an opportunity 
to learn things individuallv when the teacher was not available. 

Thus the next level of general contribution will be the development 
of full instructional programs that can supplement the teacher s ef- 
forts when he or she is tied up in a classroom setting. Coupling a video- 
disc to a microprocessor will probably be an ideal instrument for this 
type of instruction. But just as the faster students will be served by not 
being held back when they desire to go on further, so also will the 
slower students be served by being able to go back and review an in- 
structional process that they are falling behind on. Thus, having these 
materials available gives a teacher an inherent advantage because the 
class will be able to learn the materials according to their own mdivid- 

Chart 23 suggests the direction that we will be taking over the next 
few vears in work on cognitive diagnostics. An example of why a cog- 
nitive diagnostic will be useful is as follows : 



127 
— 90 



170 

Th^s mit^ht be a typical error or set of errors that a student makes in 
doing a Subtraction problem. There have been over 60 deep cognitive 
errore identified, informally labeled "bugs", that students have when 
doing the subtraction operation. A normal person viewing this prob- 
lem, or perhaps a harried teacher who is grading hundreds of them at 
home at night, might say, "How in the world does that child get 170 
for an answer when they are taking 90 from 127? . , , ^, ^ 

In actvi^i fact, the student is following a very logical algorithm that 
happc^ns to be wrong. Wlien subtracting 0 from 7, he has made the 
answer O instead of 7. He thinks that whenever a 0 appears, that when- 
ever it gets involved with another number, it always produces another 
zero This is certainly true in the multiplication process, but not m 
subtraction. Nevertheless, it's a very logical error that a learnmg stu- 
dent makes very frequently. We call this a zero bug. He also suliers 
from another deep cognitive error called the "lesser than greater bug. 
Since he is working on a subtraction problem, he cannot imagine 
subtracting a larger number from a smaller number, so whenever he 
sees two numbers involved in subtraction, he always subtracts the 
smaller from the larger number. In this case, he is taking 2 from 9 
and making it a seven- ^ • -c ^ a 

The theoretical implications of this problem are most signilicant. A 
normal teacher will not be able to identify, much less have time, to 
discuss the 60 or so cognitive errors a student can make m subtrac- 
tion. In fact, since approximately one-fifth of the time in elementary 
school is spent in mathematical studies, the student will probably have 
no more than 2 seconds per hour available for individual interactive 
instruction in mathematics with the teacher. 

The example is not always theoretical, however, I have a daughter 
named Hilary, who was in the third grade, and had a zero bug for 
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7 weeks before the local school system was able to identify her pro- 
blem. At the time this happened, she had a wanxi, loving teacher, who 
had a class of 30 students. The teacher attempted to individualize the 
instruction by having the students work in different books at different 
ability levels. At the conclusion of one of the segments of an individual 
program, the teacher would then have the student take a test. Because 
the teacher was so pressed for time to spend on individual attention, 
as our statistics have c? early shown, she designed a system that allowed 
the student to take a test at the end, and if she failed, she would redo 
tlie book that they were working on. After the student failed the test 
for the third time, the teacher would realize that there was some fun- 
damental problem that deserved attention. 

At this point she would study the diagnostics carefully, discover the 
cognitive error, and then work at length with the student to explain 
the problem. In having this long personal session with the student, 
the teacher would use up the stud6nt*s share — 12 seconds a day — of 
time that they would have available on an individual basis with the 
teacher. This meant that the teacher was not available to work with 
that student at any length until some future crisis produced a similar 
problem. 

The advantage of a computer work station is that carefully pro- 
gramed diagnostic programs could establish that Hilary had a zero 
bu^ within seconds, instead of 7 weeks, and remediate instantaneously 
while she was working on the terminal that very. day. This is how 
we will be using these small chips that do a few million instructions 
a second in the future in this area of cognitive research. 

In Chart 24, 1 am dicussing an even higher level of computer usage 
that will harness the power of the chips to do simulation and games. 
Simulation learning is extremely important because it uses artificial 
intelligence to allow a student to have a personal learning experience 
where they use what scholars have called "discovery learning" strate- 
gies. In other words a program is developed which allows a student 
to take various courses of action, and the power of the computer is used 
to calculate the implications of that action. TIius, students can try 
various options to see what would happen if they took a specific set of 
decisions. Here they begin to explore the world on their own and bo 
able to branch out and experiment with numerous variables to discover 
the patterns and laws that govern both the social and scientific en- 
vironments. 

At this level, games can also be introduced as a part of the curricu- 
lum which can provide relief and harness the natural competitive in- 
stinct of many of the students. These games can be carefully designed 
to insure that a significant learning experience is part of the process. 
In the future we will probably have various types of games intro- 
duced at regular sequences in the curriculum so that the students can 
have some relief from straight learning situations and be given an 
opportunity to manipulate the concepts under a fresh viewpoint. 

The advantages of simulations are that you can set up outstanding 
experimental opportunities for the students where experiments might 
be too dangerous to perform in normal society. This danger could be 
of the laboratory type, or of actually dealing in a political way with 
the population. When most students are given an opportunity to di- 
rect the Nation, they quickly kill off the population through a series 
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of blunders in the way they allocate their resources. Similarly, most 
students find it extremely difficult to be an elected official and deal 
with the multiple types of pressure that these officeholders face. The 
advantage of introducing young students to these types of complicated 
situations is that they soon lose simplistic attitudes toward complex 
areas. This is particularly noteworthy when you consider that many 
people never have an opportunity to experience this kind of complex- 
ity ill a leadership or decisionmaking role until they are in their 
forties or fifties. 

Chart 25 discusses the highest level of future usage for the com- 
puter which will have to do with research on the learner profile of 
the individual students. One use of these programs will be to establisli 
how a student is learning as a learner, and then to convey to him or 
her the implications of their approach. Another use is to establish 

Suite clearly the type of learning characteristic that that student has 
irough genetic means. Some students who have dyslexia have se- 
verely twistod internal circuitry that does not allow them to view an 
O without seeing a C. It is important that we have outstanding diag- 
nostics programs which can pick up learning disabilities when studonts 
are very young so that remediation can be effected. In fact, probably 
the computer will be an ideal patient source of remediation for many 
forms of learning disability. 

But even more importantly, this type of information will be very 
useful for students and parents in helping to understand the apparent 
strengths and weaknesses of the learner profile of the individual stu- 
dent. In a very pragmatic way, this should help relieve unnecessary 
guilt over certain types of learning problems, and it should heighten 
an understanding of where the strengths lay so that the students just 
do not feel that they are not very bright. The type of measurement 
that will be able to be done by sophisticated programs will allow us 
to go far beyond the standard simple measurements done in the IQ 
and SAT type tests. This means we will be able to develop an accurate 
picture of strengths which are sometimes nontraditional that will give 
the student a greater sense of being and to clear a perception, perhaps, 
of how his or her talents might be used in productive careers in the 
future. 

At the present time, very little is being done in terms of establishing 
this type of factual material in a school because of the work problem. 
Since not a great deal is done or talked about, students tend to think 
that they learn like everyone else learns. Nothing could be farther 
from the truth. Furthermore, we do not even have a vocabulary to talk 
to students about their apparent strengths and weaknesses and some 
of the more profound implications of these. For example, I once taught 
a student with 100 percent audio retention who seemed to be blessed 
with extraordinary talents. Unfortunately, her retention kept her from 
learning how to sort the material into usable segments and how to dis- 
card information that was not relevant to a current situation. 

Chart 26 discusses the participants which must be 'cept in mind 
when we introduce this new technology to the schools and homes. JNo 
simple solution which ignores any of these components — the publish- 
ers, hardware manufacturers, schools, foundations, and government — 
will have a lasting impact on the educational culture. 
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Chart 27 reviews some of the problems of the first 20 years and sug- 
gests what we should be careful about in future developmental efforts. 
First of all, we should understand that the political climate for intro- 
ducing technology into school systems is very poor. This is primarily 
because of the residue of the early efforts in the 1960's when the hard- 
ware manufacturers and the publishers lost millions of dollars 
attempting a Premature entry when the work stations were too expen- 
sive. Many of the people who led the early efforts in the 1960's feel 
that they are much wiser now in the 1980 climate, and they are deter- 
mined never to try a^ain^ Since as much as 20 years has passed for 
some of these people^ many of them are in tbeir fifties or sixties 
and in influential decisionmaking positions. Furthermore* we have not 
exactly made those people who backed these early research efforts feel 
as if their efforts were appreciated* There has been much criticism of 
the PT-iATO and TICCIT projects, for example; whereas, in reality 
they bave made a stunning contribution in advancing the entire field, 

A deeper problem is the national planning characteristics of 
Americans. In America, we want to solve all our problems in 1- to 3- 
year cycles. Funding is. traditionally given at this level, and even if 
problems are beginning to become 10- to 20-year problems, they only 
receive a 3-year fimding cycle before an announcement is made that 
they are a failure. The Government is the one segment of the society 
which should have the sagacity to develop longer range programs that 
are fimded consistently to allow solutions to be generated and oppor- 
tunities to be taken in these new technological areas. Most of the great 
pioneers of the 1960's and 1970's have been splintered by the funding 
patterns, and work of any significance has almost crawled to a halt 
because of the stop-start nature of the funding process; 10- and 20- 
year problems need 10- and 20-vear funding cycles. 

Arthur Melmed referred to the next point in his talk before mine 
when he stressed that some of the hardware is beginning to outstrip 
the software and curriculum development. At least 100^000 home com- 
puters have been sold to various schools and colleges as of this date, 
jind th^^re is almost no usable software for them of anv consequence. 
For a decade, manv scholars have been warning the Government that 
this problem would happen* and now that it is upon us, we are still 
in planning sessions instead of attempting to directly fund software 
development b^^^ the hardware is totally out hand. 

One 6 f tHe problems of not adequately fimding the software early 
enough is that manv commercial interests now smell the possitilitv for 
some quick profits because of all the terminals appearing in position. 
As a result, they are beginning to develop some very, very r^oor ma- 
terials to get tbem out as auick as possible to make a fast dollar* This 
can lead to a rather severe backlash from the user community who will 
think that this type of software is all that a computer can do. Thus, 
the leadership must help insure that we ffet some outstanding materi- 
als developed which can serve as models for other developmental proj- 
ects in the years ahead. 

Chart 28 attempts to take head-on the really central problem of im- 
plementation in the future — the inhumane metaphor that is conjured 
up bv the use of technology in education with children. Tl: is quite com- 
mon, for example, to attack computer terminals because when children 
work on them, they work in social isolation without any hun^an con- 
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tact. There is a definite feeling that this is not healthy for the person- 
ality and that interacting with technology in isolation is an inhu- 
mane activity. The problem with responding to this type of criticism 
is that it is quite emotional and not very thoughtful. For example, the 
social interaction that I have described also fits reading the book. In 
fact, the book is a product of an earlier educational technology, the 
printing press. Furthermore, when the printing press was invented 
and books were first printed for educational purposes, there was a 
great human cry about the same subject, Nevermeless, we have grown 
to love books and revere them, and even build our great universities: 
around libraries because we feel such respect for book materials. 

A second problem is that we always attack a new approach for in- 
humane reasons without ever stopping to consider about how inhu- 
mane the current system is. There is nothing inherently humane in 
having 42 percent of the black IT-year-olds in this countrv function- 
ally iUiterate. If the current delivery system were totally humane, 
then we would not be full of concern about what it is doing to our 
students. Thus the new must not always bear the brunt of the cry of 
being inhumane, and the old must also face the implications of this 
position as well. 

Finally, I would like to stress unequivocally that computers will not 
replace the teacher. In fact, they will enhance the role of the teacher 
by freeing the teacher to deal on a mor^^ personal level — a more hu- 
mane level if you will — with the students. The computer will pick up 
the more difficult chores which the teacher has always felt have inter- 
fered with serious learning. They will do the record keeping, the drill 
and practice, the helps with the standard misunderstandings. In con- 
clusion, I would note again that I started this talk by showing you the 
-great humane metaphor of the teacher leaning oyer a student on a 1- 
to-1 relationship which I now hope you realize is a very rare occur- 
rence in an educational system. Thus, we must understand that there 
is nothing inherently inhumane about technology, that it will not re- 
place the teacher and the teacher's human values, and that in fact it 
will produce a much more humane product and allow the teacher a 
more humane role in future educational delivery systems. 

I will close with that. Thank you very much. 
[Applause.] 

[The charts used by Dr. Dustin Heuston to illustrate his testimony 
follow :] 
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Chart 



The Dominant Metiaphor 
of Educa-tlon 



The dominant met^aphor In educat^lon Is ^hat: of a 1:eacher working 
a^ a caose rela^lonehlp of an individual student where ^^he 
needs ' of S'tudent: are being met by a sympatheliic adult:^ 
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The Real Metapnor 
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In truth, the real metaphor should be one of a teacher in front 
of a class of 30 students with all of the inherent problems of 
trying to interact personally with those 30 students. 
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A good rule of thumb for elementary school education is that the 
class will have as many years of student difference in ability 
within a single section as the level of that class. In other 
words r by the eighth grade , there are eight years of student 
ability within a given section. Typically, the grade level 
abilities of the students in the class might range from the 
fourth through the twelfth grade. This diagram suggests what the 
individual student grade level differences might be in a typical 
section. 
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Acfcual -Facts 



10 seconds of individual 
instruction or help for 
- - -every-'hour a learner- 
spends in school 



10 
seconds 



vs 



1 

hour 



1/360 



Two large studies by Conant and Christiansen have shovm that 
a normal student cannot average more than one minute a day of 
individual instruction or attention from a faculty member* 
This breaks down on an hourly basis to ten seconds out of 
every hour that the student puts in in school. Stated in terms 
of a ratio r this means that l/360th of a students time in 
school is spent in an individual instruction mode. In terms 
of the school year, this means that a student has individual 
instruction for only one half of one school day. 
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Chart 

Xinplicatilon of Time Limitation 

• UnXess these limits are addressed, education 
will not Improve further • 

• Only technology can solve this problem. 



The purpose of these two points is to suggest that no matter 
what the good ^Intentions are of sponsoring parties for Improving 
the school system, unless this basic limitation of having the 
student get acceu 8 to Individual, instruction for only a few 
seconds per hour - of effort , the. school system cannot really 
Improve further* Ftirthermore^ the only way to provide the 
additional work necessary to provide the individual instruction 
Is through the judicious use of technology. 

As jolting as these two statements might appear, they must be 
faced in order to have improvement. There simply are no other 
alternatives! although # to. date, there have been many tried. 
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CD 

Educat;lonal Delivery System Problem 
t 



Amount: of 
Training 




1400 1900 



The purpose of this graph is to indicate how the need for 
training and education has continued to rise for the past 
few cent.uri6s because of the impact of technology. The work 
force muBt be able to handle more complicated and sophisticated 
job skills with each increasing decade* Unfortunately, the 
limits of the current educational delivery system appear to 
have been reached. Every delivery system has a fixed work 
limit- When a delivery system reaches this^ limit, it can be 
.said to be mature. One of the symptoms of a mature delivery 
system is the addition of new investment to that delivery system 
will not substantially change the amount of work that it can 
produce. No matter how much money is invested^ it would be 
difficult to have a horse produce more than one horsepower. 
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Da^a Suggest: A<ldlt:xonal 
Financial Inveatment la Wastied Capital 



1950 - 1975 Educational Expenditure 
increased from 3.4 percent to 7.4 
percent, of Grosa National Product r 
an increase of 118 percent. 



National scores declined slightly after 
this increased investment. 



42 percent of 17 year old Blacks are 
functionally illiterate. 



Coleman Report corroborated that 
Delivery Syatern has matured. 
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Chart 



Standard Training Algorithm 
Assuroes static Delivery System 
Past 500 Years 



Number of 

_.W[prkers^^^. 



Training 
Efficiency 




The standard training or educational algorithms that people 
carry in their head can be expressed in an eciuation. They 
assuroe that to the extent they train their workers (in this 
case the teacher) they will be able to produce work adequate 
to the task. The problem that must be faced, however, is 
that there are many occasions where the number of workers 
trained as well as possible still will not be able to do 
enough work to solve serious problems* 
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~ Standard Solutions 

AsstgnJ-ng St:Qt:lc D^eli-yery System 



XnvQst: More Cap±^l In Improving Various Components of System 



Scheduling 
Curricula 
Management: 
Xnstructiional desig^i 
Testing and Evaluation 
Individualization 
Instructor Training 
Physical Plant 



Instead at facing the ixnplicationB of the limits of that 
equation r pc£opi« who are responsible for Improving the 
educational system have expanded their efforts to include a 
host of . auxiliary items. Unfortunately, none of these can 
get at the fundamental problem which is the work limit of 
the current educational delivery system. 
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The jl^ey Issue 



None of the Delivery System Liinitations is Even 
Marginally Improved by Substantial Increases in 
Investment 

For Example?' Adding a Second Instructor to a Class 

Uncrtiiing^Staff Investment by 50 Percent) Only 
Learner Access Time to Interactive, Personalxzed Instruction 
.from-.One.-Minute.a..Day ,to One Minute and a Few Seconds a Day 
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Current Del3.very Systiem ljimlt:s 



Mlnutie a Day Access bo Xntieractilve, 
Pezrsonallzed Znsbxuciilon (10 Seconds 
Per Hour) 

I^earner Assessment: 

Spread of liearner Abilibles In 
inRbmc'bi.onal Unit 

Public Ijearnlng 

Xaocaitilon Ij±mlt:at:±ons 

Refreshment 

Updating 

Instructional Consistency^ 
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MORE ACCURATE ALGORITHM OP 



THE SOURCES OF WORK XN 



A DEI^IVERY SYSTEM 



at 

Workers 



i 



Wha^ ^hla equalilon ±r.d±c&t:e8 is ^liat lihere Is another factor 
which provides the ^reatiest: leverage of alX in most delivery 
systems: "the system technology factor. For examplja^ if we 
were discussing 'transportation systems , and we were using 
t.he horse, then the system technology factor would be one^ 
representing one horsepower. . If it were a car, however, the 
multiple would probably be close to* 300, representing 300 
horsepower of an automobile engine. Xf we were substituting 
the jet aircraft, then the system technology factor might be 
a multiple of 30, GOO, representing 30,000 horsepower. Please 
notice that no amount of in^roving of a worker through training 
efficiency can chcmge the fundamental mature limits of any 
delivery system. The same is true of the educational delivery 
system. 



Training 
E f f iciency 



System 
Techno logy 
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Total 
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New Educational Delivery System 



Amount o£ 
training 




1400 1900 



What this indicates is that the proper introduction of 
technology will allow far- more work to be done by the 
educational delivery system. This in turn will improve 
the effectiveness of the delivery system, particularly 
by giving the Individual the opportunity to have far 
more individual instruction^ and raise the effectiveness 
of the educational delivery system to a level that is more 
than the requiretnent for training potential workers. 
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Chart 

@ 

The Two Fundamen^aX Technologies 



• MuB^ have computer 
m Random access 

• Proceaslng Intielllgence 

• Must have XAser 

o Aiix^unt: pC Infpj^^ 
' m More Intiereatlng jformat: 
« Frlcblon £ree st;ylus 



67 



63 



Chart: 

® 



Numbers of Translstiox^s 
on a Single Chip 




1,000,000 by 
19 80. After 
19 80 -the doubling 
phenomenon wi II 
alow down to 
every other year . 



1960 



1^65 



1970 



1975 



1980 



1965 



IS^^I i? 2^*^^ illustrates is that every year since 196 0 the 
number of electronic components that caru be placed on a piece 
^^i^*^"^*" ^^^f ^" square has doubled. Semiconductor 

doubling should continue 
S??*" ^^^^ the process should start to slow down to a 

every two years and continue on to the 1980*3. Stated 
pragmatically, this means that sometime after the mid 1980 's 
that microcomputers with the power of an . IBM 370 will be placed 

^sr^f'iiii^ShSn^SlSS.'^'^^ ^^^^ -^^^ wholesLe for 
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® 



Chip Configuration 




RAM , 

> microcomputer 
I lOOOK-bit memory 
16-bit microcomputer 
32K-bit memory 

16-bit 

microprocessor 

I _L 



I960 



1970 



X980 



1990 



To give a sense of past^ present, and fu^ure caoabilities of 
tho chips # the above diagram is offered • 
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Chart 

Declining Coat of Memory 



J 




1972 1974 1976 1978 1980 1982 1984 



These lie clinical graphs of various types of memory costs are 
Illustrated only to make the point that the cost o£ memory 
Is declining dramatically, and one need not be a technician 
to gain this message; . In contrast to the dramatically rising 
cost of almost' everything else In society. It is not difficult 
to see that the costs of technologies will be far less than 
other additions to the educational training system* 
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Chart 
® 



Seven Levels of Qontrlbution 
by Technology 



1. CMI 

2. Drill and Practice 
3* Kelps 

4. Cognitive Diagnostics 

5. Instruction 

6 . Siiaulat ion ( Games ) 

7. X-earner Profile 



These seven levels are listed in order to show the practical 
iiapllcationa o€ the technology as they will be introduced 
throughout the educational delivery system. 



Chart 




Computer WanaBed Instruction 



• Pre and Post Test 

• Diagnostics 
m Assignments 

• Student Records 
m Competency Based 
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Chart 

® 

Drill & Practice 



• Trial with Instant Feedback 
m Floating Norms 

• Private Practice 

• Solidify Intermittent Understandings 

• Will Not Surmount Ignorance 



Chart 




KCIJ^S 



• General 

• Specific 



Chart 




Instruction 



Allow 8t;udent to advance withot^ waltln 

Help slower students with repetition 

Allow rapid access to explanations of 
tot al process 
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Chart 



Cognitive 
Diagnostics 



127 
-90 



170 



Over 60 subraction 
cognitive errors 



This stjbtractiion problem Is shoim as an exair^le of how a 
student: can make wha^ appears fco be a very silly error t:o 
an observer? whereas, in actual factr the student is 
following a rigorous algorithm that has some flaws*' He 
suffers from a cognitive error which is called the zero "bug** 
when he has subtracted zero from seven r he has made the 
answer zero instead of seven* He also suffers from anot;;her 
cognitive error called the **leBser than greater**. He has 
taken the smaller number t%ro from the larger nine instead 
of trying to stibtract nine frc»Q twelve. 

The implications of this problem are most significant. A 
normal teacher will not be able to Identify, much less have 
time # to discuss the sixty or so cognitive errors a student 
ceui meUce in subtraction* Xn fact, since approximately one- 
fifth of the time in elementary school is spent in math- 
matical studies , the student is entitled to approximately 
two seconds of individual instruction in mathematics per 
hour that he or she puts in. A home con^uter with proper 
programming could identify this type of cognitive error in 
a few seconds J whereas # it might take weeks for the normal 
school system to have the opportunity to pick these errors 
up. 
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Simu lat Ion /Games 



Discovery learainff 

Multiple variable Implications 

Motivation of competition 

ChsEtrt 




Learner Profile 



m Audio retention 
e Dyslexia 

m Learnine: decay rate 

• Cognitive skill and bu^s 

• Latent abilities 

• Learninet strateeles 



70 



Chart 




The Participants 



• Publishers 

• Hardware Uanufactures 

• Schools 

m Poundations 
m Government 



Chart 




The Problems 



• Residue of first efforts 

• National planning chararjteristics 

• Hardware without software and curriculum 

• Early standards 

« Possible backlash 
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Chart 




Inhuinahe Meuaphor 
i 

Books 

Inhumanity of current system 
Role of teacher 



Chart 




Pr^'.orltles 



• Curriculum 

• Administrative Packages 

• Money for Hardware 

• Research 



72 

Mr Browk. Thank you very much, I>r. Heuston. We will now take 
a few minutes for questioning of the first two distingi'-ished speakers 
before we go or with the next panel. 

I guess that we have to follow a classroom practice. You are gomg 
to have to raise your hands. When I recognize you, please give your 
name and any other identification so that the recorder can hear you for 
tberecord. Any questions? The lady in the back. 

Ms. IxJop. My name is Liza Ixjop of LO-OP Center, Inc., 3781 Starr 
^ing Circle, Palo Alto, Calif. 

Mr. Brown. Thank you. . . y-,. - 

Ms. Jjoop. I have a question at this time on statistics, Mr. Chairman. 
It is about the 42 percent of the 17-year-old blacks Dr. Heuston men- 
tioned who are functionally illiterate. What percentage of those kids 
arefecoaleand what percentage are male? . , 

It occurred to me that in early learning situations, girls often learn 
to read more easily and faster than boys so that even if they drop 
out of school before they are 16, you are likely to have more func- 
tionally literate girls. What is the impact of this on the work charts 

that you showed? , , , ^ ™ 

I>r. Heuston. I am sorry. I can't give you the breakdown. T.hoseare 
statistics from the National Assessment of Educational Progress. You 
can get them by writing to that organization in Denver. They will 
break it down by type and section for you. 

Ms. IxK)p. Yes. . T T • 

X>r. Heuston. I think it is true that women learn, particularly m 
the elementary school years, more rapidly than men. It is sometimes as 
inuch as a 1 to 2 year difference by the fourth grade in terms of the 
levels Research shows that, by the closing years of coUege, men are 
starting to catch up. That's how long it takes. As far as analyzing 
your question as to what that means for 17-year-olds or 18-year-ol^, 
J think it simply means we will have more women that are functionally 
literate than men, in general, but not by a lot. 

As far as the work problem goes, in regard to the last part of your 
question, they both are obviousty going to need more work to get their 
basics up to speed. Again I can only see technology providmg the re- 
quisite additional woira:. 

Ms. Ix)op. Thank you. ^ . 

Mr. Brown. The gentleman over here to the right. ™, , j: 

Mr. GARAVELUi.. Joe Caravella, National Council of Teachers of 
Mathematics, Keston, Va. Dr. Heuston, on that same chart you had 
figures detailing the amount of investment in education. Can you tell 
me for that period if you took into account the inflation rates? 
Dr. Heijston. Inflation ? 

Mr. Caraveula. Yes. ^ , ^-r ^- i t *. 

Dr. EfeusTON. Since the statistics came from the National Institute 
of TCducation as part of HEW's research effort for the Office of Educa- 
tion I once asked Arthur Melmed if he knew. He said that he thought 
those figures did factor in inflation. I will now ask him agam if he 
could comment. . . . ^ ^ 

Mr. Meuied. My impression is that inflation is an important trac- 
tion of that doubling. I am imable at this moment to say what that 
fraction might be- Those data do need to be reviewed. 

Mr. OaraveucxA. Thank you. 
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Mr, Brown, Next ? 

Mr. Grice. Howard Grice from Massachusetts State Board of Edu- 
cation. You did not speak about two problems which occurred to us, 
at least, the problems of teacher training and teacher acceptance which 
I'd like to hear your thoughts on ; also the highly labor intensive nature 
of the programming process and the retraining of people to do this. 

Dr. Hetjston, Speaking to those two points, the latter one first. Pro- 
OTams are being written that will be used in the schools, primarily, 
by outside firms with professional programmers. It is very expensive 
to produce them initially. However, once they are produced, they 
are very inexpensive to replicate. We are developing, through author- 
ing systems, the ability to write the programs in English without using 
computer programmers at all. This will save a great deal of time and 
money. What was the first part of your question, sir ? 

Mr. Grice. The other area is the problem, as you start to introduce 
these techniques, of teacher training and teacher acceptance. 

Dr. Heuston. In terms of teacher acceptance, the chart I gave you 
with the seven sequences that draw on the results of the first 20 years 
shows and indicates that we must work with what I call teachers^ levels 
of concern. The best way to enter a school is to have computer-manage- 
ment instruction packages. Soon the teachers and students get used to 
it and are pleased with the help. Then they begin to realize there are 
students in their particular class that are not learning because the 
CMI program is snowing them that the student cannot answer certain 
questions in the diagnostic tests on the computer terminal. 

As a result, the teachf?rs soon enter a new level of concern and ask 
if you can produce the fitlrill and practice material for the students as 
well. The teachers usuaiij?^ will initiate a request for this additional 
help. The publishers are now producing materials which, in effect, will 
start the CMI traditions, the computer management structure, and 
then will lead gradually to higher levels of concern. 

In terms of teacher training there will probably be two ways to do 
this. One is through developing courses for the teachers' colleges. The 
other is to conduct workshops m she future to bring the teachers up 
to speed. Governmental help will obviously be needed in both of these 
areas because the financial commitment will be beyond the resources 
of any normal institution. 

Mr. HoPFMAN. Irwin J* Hoffman, Denver Public Schols. There is a 
myriad of microcomputers on the market now. How do you envision 
the solution to the problem of the curriculxmi you described being put 
on all of these different computer systems ? I can see that as a very diffi- 
cult problem. 

Dr. Hettston. The curriculum will be developed. What will really 
probably happen is this. After a serious time lag the Government will 
invest in curriculum prototypes to enable publishers to use them and 
modify them for their individual product lines. 

The problem is that we are going to have to live without the ma- 
terials for a long time because no one was able to convince the leader- 
fc^hip that the microprocessors and videodiscs were really coming. In 
school district adfter school district, they cal] and say they are flooded 
with microprocessors and ask for curriculum help. 

N'ow, how will we get the program material to them? Let's take a 
case in point. Apple Computer has been franchised by Bell and HowoU 
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for educational usage. They are acting as a publisher. They will 
publish certain materials for the Apple Computer. If you have an 
Apple Computer, you can buy from Bell and Howell some of those 
materials. SRA, in Chicago, another large publisher, will support the 
Apple Computer- Once you've written your basic program it is not 
impossible to translate them to other computers. It is important that 
this translation possibility be kept alive so that if a different computer 
becomes dominant in the market, there will be programs available for 
them as well. 

Ms. Bates. Madeline Bates, Boston University. I think that the 
comparison of computers to transportation is a very interesting one. 
I'd like to make an analogy^ about that- Giving someone access to 
public transportation is certainly very good — it is better than letting 
them go on foot. They can then go more places. By giving them a car, 
they can go not where someone else determines they should but 
where they want to go. I think there is an analogy here as to literacy. 

Now, giving the students access to a computer as end users is one 
thing, but teaching them to use the computers opens up a whole new 
iield and I would like to hear your comments on that. 

Dr. Hetjston. I'm glad, that you said that because a school specializes 
a huge percentage of its resources for teaching languages. We don't 
always think of it that way, but mathematics is a language. You're 
teaching students various inflected languages on the assumption that 
this win give them power for tomorrow's society. It's important that 
they also learn the foreign languages, as they will help them. The 
mastery of abstract symbols (languages) will allow students to have 
a better dPuture. It is important ^at they learn to calculate and use 
these symbols. The computer is certainly going to be the machine that 
dominates much of the future of our society, so the computer languages 
certainly deserve to be taught alongside the other ones. 

Schools will stress having students take courses in computers, or on 
them, as a language itself. It does give the student access to a new kind 
of lan^aage and thought patterns that should prove to be very useful 
for them in the future. 

Unfortunately, the real power, as shown by your organization, 
sometimes comes bi powerful simulations that the students themselves 
cannot build. You can equally well have a journey with a simulation 
as you can in writing a program itself, so both will prosper, I am sure. 
Ms. Bates. Thank you. . 
Mr. Bhown. I have a problem here. T do want to allow ample time 
for the panel, which will be next on the program. It is quite obvious 
that everybody with questions will not be able to be recognized. 
X have one question. I have no problem in recognizing myself. 
If I may, I am now going to ask a question. Then we will go to the 
next panel. There wOl be opportunity to interact with these gentlemen 
later m the day, so keep your questions in mind. 

Mr. Melmed, you presented a rather bleak picture, it seems to me, of 
the slowness with which the schools would adjust to this revolutionary 
technological change. You mentioned a 10-year span for curriculum 
develor>ment and so forth. 

Mr. Brown-. r<et me ask both of you this. Is there any possibility that 
the fact that this technology is moving faster in the market place, that 
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it's being taken into the homes and into the workplace, it's being used 
for training of workers, and so forth, that the schools may be by- 
passed ? Will the significance of the schools be considerably reduced in 
our society by virtue of learning taking place in the home and the 
workplace, such as utilizing this technology through the miracles of 
cable television, stand-alone computers in the home, training pro- 
grams in the workplace, and so forth? In other words, is there a threat 
to the role of the schools in the educational process if things don*t 
move faster than you seem to indicate that they're moving? 

Mr. Melmed. The schools are a very large institution. We handle, in 
this coimtry, a larger faction of the school age population than 
perhaps any other country in the world. We ask many things of the 
schools. We ask them to keep the yoimgsters in school. We ask them to 
handle driver education and alcohol education. 

Mr. Brown*. And sex education. 

Mr. Melmed. Yes, even sex education* 

The role of the schools is not a static one, but a changing one. The 
schools do attempt to respond to the demands that we put on them. 
Those demands are not always coordinated and not alwaj^ well 
planned. There are some things the schools do well, and others they do 
less welL For extimple, employers complain that the schools do not 
prepare their youvigsters adequately for the world of work. 

As the demands on the schools change and the nation's technological 
capacity for education outside of school grows, it may well be that the 
sharp boundary now sej^arating formal instruction in the school from 
informal education outside of school will blur, with growing emphasis 
on the use of technolf;gy for formal education outside of school. 

Mr. Brown. Dr. Heuston, do you care to comment on that, keep- 
ing in mind the point that you made about the lack of impact of 
additional resources and the major technology shift? The Congress 
would be glad to hear of thiE, because we are about to cut the school 
budget anyway. 

Dr. Hexjston. The practical implications are that there will be pack- 
ages distributed for home instruction to improve areas of the home. 
Parents will be able to get materials to help their children. The pub- 
lishers are the vehicles in our society that frequently market the schools 
and bring the materials in. They work with teachers to keep them up to 
date on some of the approaches. I feel that the publishers will gradu- 
ally — as fast as they can afford to — produce excellence for the schools. 

There is a difference between the home and the school market. It is 
kind of blurry in terms of what will happen in the home. For example, 
Walt Disney has never sold well in the schools, even thougji parents 
and children love it* They love it at home. There is the case of whether 
the parents at home will want serious educational materials or if they 
will buy only warmed-over Walt Disney with drill and practice. 
Sesame Street does not fit well in the classrooms, but the home market 
has been outstanding. 

One of the early lessons learned was that students preferred straight- 
forward materials in learning situations. All the funny, supportive C7il- 
tural entertainment like Donald Duck got in the way. We are going to 
strip down to very efficient programs that the publishers will sell. Tf 
Confess wants to do anythmg with any budgets, I suggest that you 
consider that we have a delivery mechanism in a position to serve the 
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scbools. We have publishers ready to serve the schools but they lack 
the capital to develop the programs to support the school market 
properly. . 

"Jm. the late sixties, over 2 percent of the budget of the school system 
went to books and audiovisual equipment. At last count, it was down 
somewhere to about 0-07 or 0.08 of 1 percent, or about one-third of the 
actual amount that the publishers used to count on. With the kind of in- 
vestment required to produce materials for the schools, I an* afraid 
there will be a considerable lag between that advent of the hardware — 
which is upon us — and the promulgation of programs f ro.".n the pub- 
ishers- I hope, and this is a personal hope, and I've not thought that 
deeply about it, that the new JDepartment of Education will have in its 
budget a fair amount of money for some rapid curriculum development 
that can go into the publishers' domain so they can accelerate delivery 
to the schools. 

The schools are fairly fle3,:ible. They will, as fast as good materials 
are brought to them, assimilate and accommodate them. 

Mr. Brown. I recognize y as I said, that there are many other people 
here today that wish to ask questions. But you do have another shot at 
this later on. 

I would like to proceed with our next panel at this time. I will now 
ask the four panelists to com-i and sit up here. As e:'-ch one speaks, they 
can take the podium. 

The members of the panel are as follows: Dr. J. C. K- Lick- 
lider. Laboratory for Computer Science, Massachusetts Institute of 
Technology ; Dr. Maxine Rockoff, vice president, planning and re- 
search, Corporation for Public Broadcasting; Dr. Vivian Horner, vice 
president, program development, Warner Cable Corp. ; and Dr. James 
Johnson, director, academic computing. University of Iowa. 

Now, Dr. Licklider will serve as the chairman and leadoff speaker 
of the panel- When he completes his remarks, I will lay on him the ad- 
ditional duty of recognizing the other panel members and handling 
the questions from the audience after they're finished. 

Dr. LICKX.TDER. Thank you. 

STATEMEEIT Or DR. J. C. R. UCKUDEB, XABORATOBY POR COM- 
PUTER SCIENCE, MASSACHUSETTS mSTITUTE OF TECHNOLOGY 

Dr. IriCKxmER. Congressman Brown and distinguished colleagues 
and distinguished participants in this extravaganza, which I thivik is 
what you called it, a beautiful extravaganza. I am very happy and 
honored to be here. . _ , 

For my written testimony, I could not resist putting down onto 
paper much more than I can say here in the short time that is available. 

Mr. Brown. Without objection, your complete statement will he in- 
cluded in the record. 

Dr. DiCBxmER. You are very kind. 

What I would like to do, Mr. Chairman, is to talk to you and your 
colleagues and the mi»mbers of your staff as though I were say mg yvhf x 
al^— all of us here — want to say. Then I will try to leave the op- 
portimity for my colleagues and my fellow participants to say. That 
is not what we should have said," and to improve the picture. 

There are, essentially, fi.ve parts to this : 
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One of them is a little long and will take half my time. It is my 
glimpse into the early 1990's to see what education is going to be like. 

The second is why mformation technology may have a major impact 
on education.^ 

The third is why information technology is not actually having a 



The fourth is the nature of the potential impact. That is, what the 
e£?ects will be if things go strongly — the ejects including benefits and 
costs, and also the dangers involved. I said, "if things ^o stron^y." 
I didn't say, "if they go well.'' If they go strongly, they might go either 
well or otherwise. 

The fifth part is what needs to be done to gain the benefits and avoid 
the dan^rs. 

Now, in order to convey my impression of what information tech- 
nology is intrinsically capable cf doing for education, I want at this 
time to present a brief sketch of a small part of the educational proc- 
ess as it might be observed in the early 1990's. I think that the tech- 
nological assumptions that underlie this sketch are realistic, even a bit 
conservative. It is clear that social and institutional changes take place 
slowJy. I don't offer this as my prediction as to what will actually 
happen. This is a picture of wxxat could be made to happen. 

My heroine is a young lady student, Cheryl. She is 15. She attends 
a public school. It does not have classrooms with a teacher's desk 
at one end facing rows of student desk-chair modules. It is laid out 
like a modem landscaped office, but on a somewhat smaller scale. 
Each student has a work area. The surface of the desk is an interaction 
medium. It displays images, pictures, diagrams, pages or paragraphs 
of text, and it is sensitive to what is written on it— pictures, diagrams, 
hand-printed characters. 

Now, this electronic desk contains a small computer, of course. The 
computer is connected to a schoolwide fiber-optic natwork that carries 

Eackets of digital information among the desks, computers, and data 
ases and to the several wall display screens and the several production 
printers that are distributed about the school. 

Cheryl is working at the electronic desk^ her-desk, and she is shaping 
up^ in her mind a picture of the subcontinent of India. Cheryl's 
objective is not just to be able to draw an accurate map of In- 
dia. It is to understand some of the culture of India in relation to 
the geography. She has started with a map of India, drawn by the 
computer system, and is calling up, from a data base of photographs, 
inmges of cities, towns^ villages, and then streets, buildings, people, 
and animals. She sees that there are several different modes of dress, 
and she wants to associate the modes of dress w ith the various regions 
of India. Wanting to do that leads her to formulate a little program. 
She defines a set of 10 regions of India by outlining them on the map. 
She identifies the regions as 11,1 through R.IO. She tells tl: 3 data base 
to provide pictures of people, individual people, in India, in the 10 
regions. She says to call the typical picture "the j-th picture from the 
i-th region.^' This bit of mathematical jargon is old stuff to Cheryl. 
She has known about lis^ts and arrays and indexes sinCv<% grade school. 
She says to let the number of T>ictures available from the i-th region 
be INTi. Then she says, "I>o the following 100 times. IDraw a number at 
random." 
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That is no doubt enough of that. She is making a little program. I 
won't give you the details. But we all know, a-ll of us who have seen 
childrenwork with computers, that they can do it. 

Having thus prepared her program, she tells the computer to exe- 
cute it. Tke program presents a picture. The student guesses whicli re- 
gion the picture comes from. The computer checks to see if that is 
nght. It says, "Good, you are right." Another time it will say, No, 
you are wrong." It tells what is wrong if you are wrong. As 1 saiO, 
having prepared the program, Cheryl executes it and responds to each 
presentation. When she is finished with a set of 100 trials, she has to 
face the fact that she has identified the region by its index correctly 
only on 20 of the 100 trials. x 

She s*i6S that the main trouble is that she can't remember what re- 
gion the index i corresponds to. That is to say, a large part of her 
difficulty is with the response and scoring system. She sees that she 
can improve her program by incorporatmg into it a little table m 
which the index numbers are associated with the names of the regions. 
Then she can respond by giving the names of the regions and will not 
have to remember the arbitrary index numbers. j. 

In a little while, she has fixed the program so all that slie ^as to 
do is type the first letters, one or two characters, of the names jf the 
regions. Then everything works smoothly, and ^he proceeds with fur- 
ther series of pictures. ... 4.x. X 

It never occurs to Cheryl that she is writing a program that would 
have called for a professional programmer 20 years a^. It certainly 
shouldn't have. What she is doing here is simple, but it is mterestmg 

and effective. , . , , t x 

Having developed some skill at tellmg where the people live from 
their appearances, Cheryl is pulled in two directions. She wants to 
demonstrate her newly acquired ability, and she wants to learn more 
about the people of India. She decides to show off a bit first, then 
auorment her program. 

She checks to see whether or not Johnny, Sue, and Bill are on lino. 
Sue and Bill are. They are both accepting notes at the time. She sends 
Sue and Bill a note. She savs, "I have a neat new test for you. It will 
t«.ke just a minute. Mav I 'show you some stuff on your displays, or 
will you come over here ?" Bill responds by coming right over. He likes 
Cheryl. Sue was not bom yesterday, and she knows enough to say 
she'll accept outnut on her display. 

In no time, Chervl is testiner out Bill's and Sue's ability, which of 
course is almost nil, to associate pictures of the people of India with 
the parts of India in which they live at the time. 

Cheryl displays her i>ewlv won masterv ttnd accepts the positive 
. reinforcement provided bv Bill j»nd Sue. I think that reinforcement 
Ls a very important part of the whole thinsr. But what Cheryl is think- 
ing about is that her pro^nram should reallv be a competitive game. 
It would be Jieat to pit Bill ftcrainst Sue at the same time, or to let any 
number of people play. Indeed, thev could play at their own desks 
or plav simult«Ttec>uslv and watch their scores go up or down relative 
to the others. But that calls for control of the svstem that Chervl has 
not leai-ned vet. She is torn between learning about that, which will 
take some time, and expanding the scope of her learning program. It 
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isn't clear whether it is a learning program or a game — or both. She 
wants to bring in to the program the names of some of the things in 
the picture, the names of the styles of clothing, the names of the castes 
and other groupings of people, and so on. After some vacillation, she 
decides to take the first step toward learning how to control the presen- 
tation of information on other people's displays. 

At this point we come to an important part of the school in the 
1990-s. 

Cheryl sends one of her teachers a note via the message system. It is 
sent to JHB from Cheryl. It has as its subject, "Learning the net." She • 
indicates what she wants to learn. Details are in the written version 
of my testimony. 

JKB is a teacher who knows a lot about the new educational tech- 
nology. He receives Cheryl's message. He doesn't read it until later 
in the afternoon. He is a teacher, but he doesn't spend very much time 
in front of a class. He is mainly dealing with the notes and doing the 
individual stuff. He writes Cheryl back a rather len^hy note, with 
carbon copies to Sally W., to Martinez, and so on. It is about how to 
set up a ^^lex" on the net. It tells Cheryl that there is a new scheme 
for^ setting up plexes that let you deal with separate consoles very 
easily. There is going to be a special meeting about the new scheme. 
C aji C heryl come to it Wednesday afternoon ? 

When a message comes in, a light flashes. Cheryl is reading an article 
about the French perfume industry in Le Soir when Burton's message 
arrives, and the flashes in the comer of her eye get her attention. 

The way Cheryl was reading Lie Soir is interesting. Let me digress 
on it a m.inute. The program has both French and English versions 
of the articles in the paper. The two versions of an article are inter- 
connected by pointers, and the program will substitute the English 
version of a phrase for the French version whenever Cheryl touches 
the French version with her stylus. 

So, then, Cheryl is reading along, touching this phrase and that, and 
the program is counting the substitutions and maintaining a record 
that shows how Cheryl is improving in her mastery of French. 
The program estimates the difficulty level of the text in terms of 
Rudolf Flesch's^ "Flesch Count," and it shows the frequency of in- 
stances of substitution as a function of both the difficulty of the text 
and the time since Cheryl started studying French* 

Seeing the flashing light, she pushes down the French program, so 
that she can return to it and resume without losing her place. She in- 
vokes MSG, the program that deals with messages. She says, "I'll be 
there at 3." She gets an idea as she is doing this. She continues, 
^/Or, if this is a teleconference, I'll be on line. Let me know which it 
1^." It would be neat if the message system could remind you when you 
forget to say whether the meeting is a face-to-face meeting or a tele- 
conference. 

Now, Cheryl is thinking thoughts a little like a pro^ammer. She is 
15. That might sound as though I am being unrealistic, but it should 
not. That is the way it is. 

Now, Chervl has other work to do. I am not, at this time, ^oing to 
go through all of it. But" she wants to get into this India thing. She 
turns to the information retrieval system. It requires that she follow 
precisely a rather demanding proceJiure in order to speci:fy the topic 




80 

of interest- Cheryl types a set of descriptors. I'll spare you the details 
here. She thinks that this is a terrible drag, that the notation is a mess. 
But she wants to get the best stuff in the data base. Her descriptors 
get her a list of 10 likely sources in the data base, which she can pro- 
ceed to examine on her display. Before she begins to do that, however, 
it occurs to her to see whether there is anything of pertinence, yet, in 
the new knowledge base that is being worked on by the artificial in- 
telligence people. The knowledge base does not require such fussy 
syntax. Cheryl types : 

KB. "What do you have about the costumes and appearance of people in the 
various parts of India? 

And KB replies: I know many thin^ about the people of India, the styles of 
clothing that are worn in the various parts of the country and by the members 
of the various castes, and the appearances of the various ethnic groups that . 
comprise the population of India. 

Do you want to ask me specific questions, or would you like a brief summary 
of what I know about this topic? 

That scenario took a long time. What I wanted it to do was to sug- 
gest these things: 

That education can be built into an interesting, social, active way of 
life. The individual student can take a lot of initiative and choose 
directions that are interesting to him or her. 

That educational technology can provide a stimulating environment 
for learning, and that such an environment is to be preferred over 
machines that cram information into people. I am agamst the 
cramming. 

That educational technology can introduce both ejSiciency and 
effectiveness into the lives of teachers, by ^ving them the time and fa- 
cilities that they need to work effectively with individual students. The 
technology should do the part of teaching it can do best and free the 
time and energies of the teachers for inspiration and reinforcement. 

That a lot can be done with the techniques and methods that are 
already understood. 

That there is time between now and the 1990's to develop some so- 
phisticated knowledge-based systems, but even then there will still be 
continuing work on such systems. The sophisticated systems will not 
have displaced the .itandarci stuff. 

That the educational computer-communication systems of the 1990's 
will deal with images quite as well as with numbers and symbols. They 
will work with speech, too, but i>erhaps a bit less well. 

That students in good learning environments will feel some stress 
from having so many interesting avenues to explore and from- some- 
times having to make painful choices among attractive alternatives. 

That students can be creative and valuable sources of educational 
software. I believe that very strongly. In my budj^et estimate., half the 
software money goes to professional programming shops.^ The other 
half goes to extracting software from the process of education. It goes 
mainly to teachers and students. I know that, at the college level, 
students can create useful programs. I am pretty sure that will filter 
down into the high school. Perhaps it will go even further. 

The use of computers will blend into the programming of computers, 
and students will do a lot of their learning by programming, by pre- 
paring and testing programs that help them* interact with the infor- 
mation and knowledge that is available to them. 
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The computer-communications system of a school will be a distrib- 
uted system, a network. It will be part of a network of networks that 
will reach across the United States and perhaps into other countries. 
I did not go so far as to put Cheryl into direct communication with 
students in schools in India, but I was not inhibited from doing that 
by any essential technolo^cal barrier. 

Now, the rest of what J have, Mr* Chairman, has a lot of points in 
it. I am just going to touch upon them. I have come to realize^ in being 
here this mominj^, that a lot of us know the same things and believe the 
same things. I think that the key to all of this is to figure out how we 
can start moving — ^how to stop saying to ourselves that we, ourselves, 
have the insight and the enthusiasm, but that we live in a country that 
has turned the damper down. We sense the potential for a significant 
advance in education, but don't know how to get started* 

Next, Mr* Chairman, is why information technology may have a 
major impact on education* 

First, education needs help* That is a paragraph you can read and 
apply. 

Second, information technology is advancing very rapidly. I echo 
the comments of my colleagues. Let me read just one paragraph about 
this* 

The personal or hobby computers that you can buy at the computer store 
today for $750 are more powerful and faster and hold more information than 
the first core-memory machine I had the pleasure of working on* It was the 
very first production PDP— 1 computer, the first production computer made by 
the lyigltBl Equipment Corporation, and it cost about $150,000 in 1958. That is 
a cost-reduction factor of more than 200 in 22 years. The-f^ctor^of speed increase 
is about 10| from 10 microseconds per instruction execution to about 1 micro- 
second. The factor of Increase in processing i>ower per Instruction is smaller, and 
we may neglect it for the purpose of showing that the double-every-two-years 
rule checks out. Just note that the factor of 200 and the factor of 10 combine to 
yield 2000, which is almost exactly the result of 11 doublings, one every 2 years 
for 22 years, ESleven doublings yield a factor of 2048. 

Doubling every 2 years is an easy rule-of -thumb for the overall ad- 
vance of computer hardware. It is comparable to the rule for semi- 
conductor chips, which my slightly enthusiastic colleague said was 
doubled every year. I'd say, for the chips, double every 14 months. 
The fact that, when you take computer hardware as a whole, it is 
only doubled ever3^ 2 yeai-s reflects the fact that the power supply does 
not advance as rapidly as does the chip. 

The advance of computer hardware technology is by no means lim- 
ited to semiconductor chips, however. Great things are happening, for 
example, in electronic beam service, laser printers, and magnetic bub- 
ble devices that have even higher bit densities than the semiconductor 
devices to which we have been referring. 

Let me say a word about video disks. There are really two waves 
here: There is the analog video disk that's coming out in the commer- 
cial entertainment market. It offers a tremendous opportunity for edu- 
cational application. But coming on its heels, in 3 years, perhaps, is 
the digital video disk. It will hold about 10 billion bits of information. 
You ought to figure how much information that is. On one plastic disk 
the size of a phonograph record you will have the equivalent of 1,000 
books. The cost of a video disk, in quantity reproduction is just a few 
dollars. 
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One more thing about the video disk is this. Then I will be through 
with this outpouring of enthusiasm for technology. A friend of mine 
at MIT, Nicholas Negroponte, runs a beautiful laboratory in the 
School of Architecture in which he and his associates work on com- 
puters in support of architecture. They went to Aspen, Colo. They 
photographed the roads and streets at 10-foot intervals. Then they 
transferred the pictures onto a video disk controlled by a computer. 
You sit in the driver's seat of an automobile, turn the steering wheel, 
and drive around Aspen. As the vehicle moves down the street and 
around the comer, the computer selects and presents the view that you 
should see. The trip is a bit jerky because the photographs were taken 
only every 10 feet, but the effect is real and compelling. With 50,000 
pictures on a video disk and video disks at $10 each, one could store 
50 miles worth of pictures taken just 1 foot apart for the cost of an 
airplane ride from New York to Aspen and back. So much for travel 
in the future. If we ever got into a bad energy shortage, computer 
controlled video disks will help. 

In my written testimony, there is a section about software. The sense 
of it is that sodftware is not as magic as hardware but that we are over 
the hump on several software problems. The good programming group 
can now make big programs on schedule. This doesn't solve all of our 
problems, but it introduces further optimism into the overall prospect 
for educational applications. 

In my budget estimate, the software cost came out to be only half 
the hardware cost. The reason for this is that, once you get the soft- 
ware, you can replicate it at essentially no cost. Education will have a 
much bigger replication factor than most other applications. 

Now, to look at the benefits with a hard eye. You are living in the 
United States. It is full of hard-eyed people. The name of the game is 
"productivity." We are slipping. We are declining. It is clear that 
our on-the-whole terrible performance in education is, in large part, 
responsible for the decline. You try to find out why Japan is doing 
so relatively well. You see that, at this time, J apan has superior edu- 
cation at almost all lavels. This is true, also, in other countries such as 

West Germany. . . -, ^- -, 

I think that the key to reversing the declme is part education and 
part information technology. Good use of information technology in 
business and industry would help us greatly. There isn't any other way 
to get productivitj'- turned up in a short time. But this is about infor- 
mation technology and education- To make a major difference in edu- 
cation will take a decade. I think we may just have to learn to live 
with one-and-one-half-class citizenship in the world community for a 
few years. And during that few years we had better "get ourselves 
together." 

Next, consider quality of life. Maybe we are running out of gaso- 
line. Maybe we can't travel all over when we want to. But learning to 
explore the world of knowled^, to explore information bases, and 
knowledge bases, can be quite as interesting, quite as exciting. All of us 
who have hadtexperience with well-programmed works such as the 
ARPANET know that it can be compelling. It is hard to go away 
from the computer console. It makes us sad to realize that in the rest 
of the world out there there are so many kids who are turned off and 
unhappy. Many of them are on drugs. They don't know that online 
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interaction with a good computer is a better addiction. It is just as 
exciting, and it builds instead of destroying. The quality of life can be 
turned around. 

I^t us now go to the danger side. I believe that it is easier to ex- 
ploit technology than it is to apply it wisely. I believe that, if educa- 
tional applications are driven only by the forces of the marketplace, 
would-be exploiters are going to get in there with a lot of inferior 
stuff before the good stuff is developed. It is likely that we will have 
an emphasis on factual information that is easy to "input" into the 
computer and easy to "drill'' into ; he student. It is possible thut a bad 
government or other ideological organization will exploit the image 
of the computer as all-knowing and infallible. If the schools were 
"computerized" and ^'netted" and the Government wanted to control 
the students, technology would present an awfully efficient way to do 
it. There is danger there. There is danger that the technology will turn 
out to be so effective that it gets into the schools over the dead bodies 
of the teachers and, in the process^, creates a disruptive adversary 
situation in the schools. Your imagination is as good as mine in pic- 
turing the dangers. I just want to be sure that that aspect of the matter 
is examined^ discussed, and overseen* 

Thinking about the dangers should 5iot be left entirely to antitech- 
nologists. Technologists should list the dangers and study them. Over- 
sight will be critically important. Year by year, or 6 months by 6 
months, there should be checks on the aitiiation. We can't allow tech- 
nology to shape education to the profit or convenience of technologists 
or to the will of political ideologists. Equally, we can't allow ourselves 
not to use technology just because powerful forces are dangerous. 

There's a lot more that I'd like to say, but, because of the time, I'll 
just refer you to the written testimony. 

Thank you very much. [Applause.] 

[The complete statement of Dr. J, C. R. Licklfder follows ;] 
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1 . A GLIMPSE OF EDUCATION IN THE 1 990s 

In order to cotivcy an nnprcssion of what inronnalion tcchnohigy is intrinsically capable of doing for 
cducaUon. I want to begin with a brief sketch of a small part of Uic educational process as it might be 
observed in the 1990s. I think that ihc technological assumptions that underlie this sketch arc realistic, even a 
bit conservative. On the other hand, it is clear that siKial and institutional changes usually take place slowly, 
and 1 do ni.t offer the following impression as my prediction of what will actually happen. [ offer U as a 
picture of whatcuuld be made to happen. 

Cheo'l is She alieiiJs a public schwL it does not have clusmioms with n Icadicr's desk at one end facing 
TOM of Student dcik-chair modules, ft is hid out like a modern •landscaped- ufpce. but on a sumcwhni smaller 
scale. Kach student has a v^ttrk area. The focus of the wvrk area is an 'etecirvnic desk 1 The surface of the desk 
is an -interaction indium'. It displays imaues - pictures, diagrams, panes or paranrophs of text - and it is 
sensitive to what is written on it - picture.-^ diagrams, hand printed characters. It is sensitive, also, to ivhal is 
pointed to (touchcO i" 'fie images it displays. The electronic desk contains a small computer, of course. The 
computer is connected to a school-^vide fibre- optic nety^-vrk that carries packets of digital infonnation among the 
desks, computers, and data bases and to the several v.'all display screens and the sevend prmluction printers that 
are distributed about the school. It is connected, also, to external networks that link Cheryl's school with other 
schools and. indeed, with all the organizations and individuals reachable through the general packet networks. 

Cheryl is ^-orking at her clcclraiuc desk, shapinr. up in her mind a picture of the subcontinent of India. 
Chco'ls objective is not just to be able to draw an accurate map of India. It is to understand some of the culture 
of India in relation to the geography. She has started nUh a map of India, dram, by the computer systcn, and 
she is calling up, from a data base of photographs, images of cities, towns, villages, and then streets, building.s. 
people, animals. She sees that there are several dijfercttt modes of dress, and she ^vants to associate them with 
regions of the country. 

Wanting to do that leads her to fonnulate a Utile prngram: .She defmes a set often regions of India by 
outlining them on the map. She identifies the regions as li.l through R.IO. .She tells the data base to provide 
pictures of people, individual people, in India, in the 10 regions drjimd .She says to call the typical picture, the 
j-th picture from the i-th region, picture P.i.j (This bit of mathematical jargon is old stuff to Cheryl She has 
known about lists and arrays and indexes since grade school.) She says to let the number of pictures available 
from the hth region be N.L Then she says: -Do the following 100 times - Draw a mtmbcr at random from I 

1 
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ihrvuuh /a atul Ici it be the value of I Then draw a number at random from I through M/ and let if be the value 
of I Present picture PJJ. Accept a response (pressing of a key, 0 to 9, with 0 representing iO)from the keyboard. 
If the response / with !0 substituted forO) equals i the index of the region, display *Right!\ Otherwise, display 
*Wrvng2 and then display the actual value ofu the index of the region. * 

Having thus prepared her progranu Chery*l tells her computer to execute it. She responds to each i::ciure it 
presents. IVhen she has finished the set of 100 trials, she has identified the region (by its index) correctly only on 
about 20 of the fOO trials, 

in pari^ her low score was due to the fact that she had trouble remembering which index number identified 
which regiotu She sees that she can improve her prognnn by making it refer to a snialf table in which fhe index 
numbers (I to 10) are associated with the names of the regions. In a little while she has fixed the tiragram so all 
she has to do is type the first letter or tH*o of the name of the region, just enough to identify it uniquely, 
AS<^myvhitt\ in the process of debugging hcr^rrjgranK she has learnetf to tissocujte most of the costunv:s ~ or 
facial types or physiques: she is realizing that what she is learning is a mix ofc\ taracteristics — with the regions 
in which they prevail. She now has her program keeping score, counting how f lany times she is correct out of a 
hundred Next she will make it keep track of past scores and plot graphs showing her progress with the learning 
task* If never occurs to her that she is writing programs that n ^mld have called for a professional programmer 
twenty years earlier. It is all simple and natural^ and very regarding because she can command the resources at 
her disposal with progressively itscreasing facility. 

Having developed some skill at telling where fhe people live from their appearances Cheryl is pulled in two 
directions: She wants to demonstrate her newly acquired ability, and she wants tc- learn more about the people of 
India. She decides to show off a bit firs:, then augment her program. She checks to see whether or not Johnny^ 
Sue^ and Hill are otHine, Sue and Bill are, and they are both accepting notes. She sends Sue and liiil a note: 7 
have a neat new test for you. It will take Just a minute. May I showy^ou some stujfon your displays, or will you 
come over here?* 

RilL who was exploring the inverse-square law of gravity by playing with a simulation of splice flight in which 
the distance coefficient hi the law of gravity is a variable parameter^ respottds by going right over because he likes 
Cheryl. Sue was not jortt yesterday, and she knows enough to say shell accept outttut on her display. She is a 
little reluctant to interrupt her experiment, which is on a topic of intense current inicrest, but she frees up her 
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display and links to Cheryrs.^ In no iime. Cheryl is iesiing out frill's and Sue's abiUiy - which, of course, is 
alnw^J nil - to associate pictures of the people of India with the parts of India in which they live, Cheryl displays 
her newly won mastery* and accepts the positive reinforcement provided by Bill and Sue — but what Cheryl is 
thinking about now is that her program should really be a competitive game. It ywuld be neat to be able to pit 
Bill against Sue - or to let any number of people play. Indeed they should play at their own desks, so they can 
alt play at once and watch their scores go up or down relative to the others'. But that calls for control of the 
system that Jhc hasn't learned yet. She is torn betivcen learning about that, which will take some tir iT: and ^ 
e-' vntding the scope of her learning progroin — // /sjiV clear whether it is a learning program or a game: 
actually, it is both, ~ to bring in the names of the items and styles of clothing, the names of the castes and other 
groupings of people^ and so on. Afier some vacillatiotu she decides to take the first step toward learning how to 
control the presentation of information on other t^eople's displays. 

So Cheryl sends one of her teachers a note via the message system: 



To: JHB 

From: Chor 

Subject: Learning the net 

How do I go about learning how to put pictures and text 
on other students* displays? I know I will have to have their 
permission. I know how to put the pictures and text on my own 
display. And I can put exactly the same stuff or. one or more 
other displays by linking to the other consoles* But I want to 
- :*nd different p1ctur*»s to differenr. displays at the same time. 
I need to know about this in order to build a test game in which 
I can present p ic tures to several peopl e at the same time — 
different pictures to different people — and have them respond 
by trying to identify or classify the pictures. It is a neat 
game test, but it just works for one person now. Please help 
me. 

Yours 
Cheryl 



*Many ofihc sturfcnLs an: involved m nn informal and sonicwhai ctimpctiiivc cxpcrimcnl lo sec whcihcr a person can torn to sec 9 
objcci ajs in direct visual pcrctplioft. a imly 4-dimcfwiewal object, 'llie cimipuier has no trouble* of course, rcprcscctiing 
objects of more lhan three dimcjLsions. A»r« it ran dikptiy, on iK 2-diiucnsinfwl dispLiy screen, dyiumic. persi>ccijvc, 3-dimca5ionaJ 
scciions or 4-dimeitMonal objects in its mcimify. Sue has been spending an hour a day for ihc laM several wcek?i..s>T5lcfTWtically 
inieracling wilh such sections «»f 4'diinensionrtl objects, and she Ihiiiks lhal .vomeiliine »• happcnini" in her visual pcrccj>lion. Many other 
studcnu arc cnndnciing related cxpcrifncnt?*, and there has been much discussion of whnt it would really mean lo 'sec in fmir 
dimcnidons'. A sp^ciat interest group haas rnrmed on Uiis subjcci. :knd everyone is looking forward to a meeting, later In the week, in 
which an cipcrimcnial psychotogisi who has done research on ihe subject is g<Hng lo discuss Ihc psychoid* of visuaT perception. 
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• Send 

[SQnt to JHB« Carbon sent to Cher. End.] 



JHB is Jim Buriofu a teacher who kftow a loi about ihc new educational technology. He receives Chetyl*s 
messase ri^ht away but doesn Y s^t around to reading it 'til later in the qftcntooiu He is lioppy to see the: Cheryl 
is Httntitis to branch out, to learn to use more sophisticated features of the systenh He sends her a reply message: 

To: Char 

Cc: Sally W. . Martinez. Martin Vilas at Pershing 

From; JHG 

Subject: How to set up a plox on the net 

What you are doing sounds great! And It may be easy to 
do. There %s a facility. on the net called the 'plex' facility* 
It lets you connect any number of consoles, which you roust 
identify, into a system that your program can deal with as 
'console ^console 2', 'console 3'. and so on. Or, if you 

11E:e* you can give them names in your program and then refer to 
them by name. 

To get started on plexes. read 'FLEXES' under TiETWORKS' 
in the * DOCUMENTATION' directory. Then we can have a tutorial 
on plexes* I am trying to set one up for Wednesday afternoon 
with Harry Dostich, who did some of the programming on the plex 
system. Are you free at 3:007 Sally Wurtz, 0111 Martinez, and 
Martin Vilas (Vilas from Pershing High) are interested in 
plexes. too. and want to participate. 

Do you know that there is a SiG on drill-and-pract ice 
systems (You can put your name on the list in the SIG directory 
under 'SIG-DAP^ to get messages Oii DAP programs.) and a SIG on 
video disk data basos (SIG-VID-DB in the SIG directory}? 

Please put me on your documentation distribution list if 
you write up your program. I hope you will. 

Regards 

Jim / 

-tZ 

* Cc: James Bostich At Educational Testing Service (Princeton) 

• Send 

[Sent to Cher. Carbons. sent to JHS* Sally W. « Martinez. Carbon 
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queued at Pershing for Martin Viias. Carbon queued here for 
James Bostich, End* ] 

Whenever a message arrives at Cheryls desk, a iiulc h^ht Jla^hes. Cheryl is n\tdin^ an article about the 
French perjume industry in Le Soir when Burton's message arrives ami the Jlashes in ihc cvrnvr of her eye get 
her aaentioiu The article is from a special database that contains both l-rench and Iinglish versions of 
eveo'fhing in Soir The French and English versions are interconnected by poitucrs. ond the program 
through which Cheryl is reading will substitute the English version of a phrase for the French versiot: whenever 
Chery l touches the French version with her stylus. The program Counts die substitutions and maintains a record, 
that shows how Cheryl is improving in her masteo' of French, Of course, the program c.stinuitcs the difficulty 
level of the text (in terms of Rudolf Flesch s llesch Count*) and shows the frequency nf instances tf substitution 
help as a function of both the difficulty of the text and the mne sittee Cheryl started studying French, 

Seeing the fashing light, Cheryl 'pushes down'^ the French program (so she can return to it and resume 
without losing her placeUmd invokes MSG, the program that deals with messages. She reads lUtrtan's reply and 
rrpliex to it. All she has to tell MSG, of course, is n'hat to put into the body of the response: MSG knows to 
whom to send iL She says. Thanks, III be there at 3:00 - unless I hear from you that the tutorial is a 
teleconference, in which case I'll be an line^. Cheryl thinks to herself: It M»uld be neat to have the system 
remind you when you forget to say whether the meeting is face- to- face or on-line. All MSG would have to do is 
to scan the message for words and phrases that would indicate one way or the other, and if it didn V Jtnd atty\ givs 
you a suggestion at the point where it says \Seni\ Maybe I should get acquainted with the SIC on message 
systems and see whether anybotly is workitig on that. * 

But Cheryl has other liwk to do now. She starts out to explore SIGDAI\ first calling up its charter on her 
display atui then its membership list. The latter is long, covering the whole school district, and not broken down 
by schools. So Cheryl gets the subset of the membership list that is the set intersection between the membership 
list and her own list of acquaintances Indeed, this whole business ofseis and set unions and set intersect ions Just 
came up iu her mathematics class last month and she has already found adot of uses for it. R ight now. she sees 
that three of her acquaitttances are members ofSlG-DAI\ so Ch^r^l checks to see whether any of the three are 
on-line and accepting. Jerry Serona is. Cheryl asks him via the ItUT-IN system ^'hciher he has time to WiK 
and soon he is telling her what happened at the last SIG-DAP teleconference. When they arejinished with the 
link. Cheryl browses through the record of the teleconference and ftitds that there is a loi of activity that is 
related in method, though not in subject matter, to what she is doing. That fact sets ojfin her tnind the idea that 
there may be activ^y relating to India, costtnnes. styles, regions, ethnic groups, and so od that is no. associated 
with drill and practice. Ind^ed, there tnay be some good TV segments on India and its people. So she tnakes 
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some twtes abvui aU the ideas that are beginrsuig to Jbmi *- so she V Jbr^cf ihcm — and titen gets ittto the 
data base n'ifh the set of descriptors: 

<top*10 C& India 

< 1 costume s ty Ic*^ 

<i region ethnic tribo> 

<t caste c1ass> 

<| image photo photograph p1cture>>> 

That bit of infonnaiion retricvah ^*hi-:h niost of the students consider tedious but necessary*' &^fs her a list of 
ten likely sources in the data h^se. which she can proceed to exontine on her display. Before she begins to do 
that, hoH^even it occurs her tascii w hether there is anything of pertinence, yei^ in the new knowledge base that is 
being worked on by the artificial intelligence people. The knowledge base does not require such fussy syntax, 
Cheryl types: 

<KB: What do you have about the costumes and appearance 
of pooplo in the varicua parts of India?> 

And Kb replies: 

I know many things about the people of India, the styles of 
clothing that are worn in the various parts of the country and 
by the members of tho various castes, and the appearances of the 
various ethnic groups that comprise the population of India* 

Do you want to ask me specific questions, or would you like a 
brief summary of what I know about this topic? 

Cheryl points to the latter alternative with her stylus, and KP begins to display a summary* that it constructs, 
on an ad hoc basix front its infernal KRL ba:ie^ translating the pointer structures into English at a level suitable 
for communication with a person with Chery^l's projite of cognitive skillx preferences Jar display media and 
Jimnafx atid substantive knowledge, 

AlUuutgh UiC foregoing sccnnriu was severely liinilcd m scope and variety, tiitiching upon only a few oi tlic 
muny new techniques ihr.t arc pertinent (o education and upon only a couple of the thousands ofsiibjects that 
uiudentf: need to Icum about — and dealing with only une level of student age and capability ** it will have to 
surttcc as an introduction. Some of t}ie things I wanted it to suggest are: 

L 'l*hat education can be built into an interesting, social, active way oflife* 
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2. lTiat die individual student can take a \oi of iiu^^j^tivc and choose directions lhat arc interesting to 
him or her. 

3. 'I'hat educational technology can provlctc a stimulating environment for Teaming, and that such an 
environment is to be preferred over machines lhat cram information into people. 

4.11131 educational technology can introduce bolh eHiCEency and erfcctiveness into the lives of 
teachers* by giving ihcm the time and facilities they need to work effectively with individiKil 
students, llie technology should do the part of teaching it can do best and free the time and 
energies of the teachers for inspiration and reinforcement. 

S. ITiat communication wttli other students is an important part of the educational process. 

6«11iat a Jot can be done with tqchniqucs and methods that arc afready understood and proven in 
applications other than education. 

7/fhat there is time between now and the 1990s to develop some sophisticated Hnowlcdgc-bascd 
systems, but that work on such systems will stilt ho continuing in the l99Qs. 

8. lliat the cdticatitinal cnmputcr-communicatiun systems of the 1990s ^ ill deal with images quite as 
well as with numbers and symbols. Cl*hcy wilt work witli speech, too. but perhaps a bit less well.) 

9. 'lliat students in good learning envimnmcnts will feel some stress from having so many interesting 
avenues to citpjore and fmm sometimes having to make painful choices among attiBcdvc 



10/Iliat students can be creative and valuable sources of educational soflwarc. (I'beir software will 
have the advantage of evolving through competition witli the soflwarc prepared by other students. 
When studenl^produced (and tcacher-prodtKcd) soflwattr has proven itself in such ccunpctltlon, 
then professional progniini.iers will go over It to make sure lhat it is bug-frce and userproof, but a 
lot of the real invention will come from students and teachers not all of them, but quite a loC of 
them.) 

11. lhat the use of computers will bfend into the programming of computers, and that students will 
do a lot or their learning by prognimming. by preparing and testing programs that help them 
interact with the information and knowledge that is available to them. 

12. lhat the computer^omniunicatlon system of a school will be a distributed system, a network 
and that it wilt be part of a network of networks that will reach across the United States and 
pcriiaps into other countries, | did not go so far as to put Cheryl into direct comnumtcation with 
students tn schiHits in India^ hut 1 was not inhibited from doing that by any essential technological 
barrier. 
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2. WHY INFORMATION TECHNOLOGY MAY HAVE 
A MAJOR IMPACT ON EDUCATION 

2*1 Education Needs KeJp 

In Ihc United Slates, education ts far less good than it could and shc uld be* In die assessment of people 
whose judgment I tmsL education In not asgord in the United States, o i the average, iis it is w few other 
countries, including West Ocrmuny and Jiipan. Fxluc&iion is highly latnir intensive, not as v oH supported by* 
technology as arc, for example, manufacturing, i/ansptutation, fanning, and medicine* hklixation is beset by 
economic and motivational problems and by competition from commercial television and drugs. Hduciilion is 
not perceived as part of rca! life by most «uidtnls, 4;nU real life takes precedence. National achicvcmciu test 
scores indicate that school cducaiion is on the decline. In short, education needs help, and a natural place to 
look fur help, since education deals mainly with information, is infomiation technology. 

2.2 Infornnation TechnoJoQy is Advancing Very Rapic<ly 

The rapubitity and cost-effcctivcnets of infomiation technology have been advancing exponentially since 
World War 11. 'Advancing cxponeniiaily' is a trite phrase, but in ibis rtsc it is alstJ a correct phrase, and, 
momivcr* the exponent is very higti. The key fact is that, ever since 1943, the amount of intonmation 
processing that can be done per r.nit time by one dollar's worlii of computer hardware has been doubling 
approximately cvciy two yc^rs. No other technology has criablished such a record. Only the advances in 
explosive power (fisston bomb and fusion bomb) and vchicje speed (rockets) even came close. Indeed, in the 
presently most critical area of information hardware technology, called large scale integration of 
semiconductor devices*, the cost-effectiveness of semiconductor 'chips* has doubled about every 15 months 
sincc.l965« and only this last year has inflaUon been high entnigh to cause pei>ple to siiy: *ls that in current or 
in Cixed-ycar dotfar^. 

2!.3 Examples of Tochnological Advance Hardware 

L "fhc personal or hobby computers that you can buy at U»c computer ^Uorc today for S750 are more 
powerful and* faster and hold more information than die first corc^memory miichine 1 had the 
pleasure of working on* 9t was the very first pniduction PI3P*1 computer, the first prodtx:tion 

' cromputcr made by the i>igitdl Hquipmcnt Corporation^ and it ctist about $150,000 In 1958. 'Iliat 
£S a cost-reduction factor.of more than 200 in 22 years. 'ITic factor of speed increase is about 10, 



94 



Trutn 10 microseconds per instrucUon execution to about 1 microsecond. The factor of increase in 
■ processing power per instruction is smaller, and wc may neglect it for die purpose of showing tfiat 
the double-evcry-rirfvo-ycars rule checks ouL Just note that the factor of 200 and the factor of 10 
combine to yield 2000, which is aimost exactly the result of U doublings, one every 2 years for 22 
years. HIevcn doublings yield a factor of 2048*. 

2- An electron beam device, writing a pattern of *b[es* on a small wafer of semiconductor maceriaU 
can Siorc about ICX) billion bits, which is the digital equivalent of about 3 million pages of 
typewritten tc;it - roughly lO^OOO books of rcxi. 

3. 1 .aser primers, controlled by computers, can print scrvcral pages of high-quality text and g^Tiphics 
per second. The type fonts and graphic figures arc under program control and therefore limited 
only by the imagination ^nd skill of people. 

4. Magnetic bubble devices have even higher *bit densities* liian the wholly electronic semiconductor 
devices. 

5, Ctvmmunicatlon satellites arc opening up channels for computcr-to-com|jutcr communication that 
will transmit 50 miltinn bits per second; ITic channels of the ARPANKT, heretofore the 
nationwide computer network with !ihc highest infonnnntion transmission rate, tnmsmit 50 
thousand bits per second, ll^rc is sn increase by a factor of 1000 in capability, and it is 
accompanied by a v^ry large decrease in cost per bit. 

6-11ie television commercials do no exaggerate when they cjy that optic fibres the diameter of u 
human hair will carry more than 100 million bits per &2cond. Iliat amounU to more than 10 
books of text per second per fibre. 

7.111C Uosephson junction* is a microscopic device that seem* li&cly to open up a technology that 
may be the successor U> the semfeonductor chips that now account for so much of U)c magic of 
computer technology. Joscph»m Junctions arc extremely small, extremely fast, and require 
c*lrcmc;y titiic |K>wcr. "Hie vork about a Tiundred times as rapidly as chips do. The only trouble 
b that they have to be kept very cold, very close to absolute zero, 

J 

S/Ihe video disks that are appearing on the market at $10 or $20 each hold about 50.000 frames 
(images) of television (video) information. They arc not digital devices, but digital versions of 
Ihcnt ore betng developed. One digital video disk will hold about 10 billion bits, lliat b the 
equivalent ofa thousand books of text, 'lltcrc is no technological reason that such disks cannot be 
duplicated for a few dollars csszK 'ivKS least expensive digiul vidct) disk playbxick now costs 
between $2000 and $3000, but mass pRfduction would bring the cost down toward the cost of an 
znuici v}det> dist playback, about $800. One cannot contctnplatc thtisc figures without .*»:nsing a 
tremendous p«)t£ntfal impjict a tremendous impact on education and on the publication 
industry and ctimmerciat television as well. 

9. Since vfUeo disks and other htsh*storagc-cnpaclty devices can store images as well as text, it is 
ptttsibic to put a library of tens or hundreds of thousands of pictures on an individuars desk. 
Nicholas Ncgmpontc, dirocior of 'The Anrhitccturc Machine* gnnip at M.I.T^ recently 
demonstrated a computcr^iascd tour of Aspen« Colorado. *rhe viewer sits in the driver^s scad of a 
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Simulated automobile and drives aniund Aspen. As the vehicle moves down the streets and 
around the comers, the computer makes ihc vjcw change as it should. The trip is a bit jerky 
because the photographs were taken only every ten feet, but with 50.000 pictures on a disk and 
disks at SIO each* one could duplicate on video disks 50 miles worth of pictures taken one foot 
apart for the cost of a trip from New York to Aspen and back* 

2.4 Areas of Technological Advance Software 

Although the art of programming and the art of mnnaging data have lagged behind the art of building 
hardware computers and communication systems, and although 'st>flwarc* h:is been blamed for spoiling the 
magic of information hardware technology, there have been very ^ignillcant advances in 0\q software side of 
information technology. 

K'lTie best miHlem languages for wriling programs and fur conlrolling computers arc very much 
better, very much less focused on the tedious demits of moving bits around in the memory of the 
machine, than arc the old languages, 'tlic trouble is« most people still use the old languages. 

IT F^ograTn^ when it is done in direct inlenictiun with the CiHnputcr. TUq best 

pn>grammlng groups now use Mnicmctivc pn>gramming' almost exclusively. *llic trouble is, many 
pnigramming groups arc still doing it the old way. 

3. The best programming groups now have sophisticated programming systems, with large libraries 
of well tested and well documented program modules and systematically org:ini/cd test data« 
Having a good programming system is as important as programming in a good language. 

4.1110 concept of 'siructuic' in computer programs has been developed signtncanlly. A ^structured 
program** written in a highly structured pn>gramming language^ is much simpler and easier to 
write* explain* undersund, and update than is a fUnctionally equivalent 'unstructured program*. 

5. The best software groups arc now doing their work pretty much on schedule, at estirriatcd cost, 
with remarkably few bugs, and they arc documenting their soflwarc clearly. ITiat is quite 
difTcrcntTrom the way it wa3 (even in the best of s<>ftwarc circles) ten or fifteen years ago. 

2.5 MIcrocomputerSp Personal Computers, Hobby Computers, Home 
Computers 

•ITic 1'RS-80s, Apples, PFTrs, Sorcerers, Ataris* OSIs* ... that can be b*i«ght for less than $1000 at the local 
computer store arc changing almost everyone's concept of 'the computer*. Perhaps the change began with 
pocket calculators, and surely it will continue with microprocessors 'embedded' in automobiles, heating 
systems, air conditioners, toasters, ovens, and television sets. It is difftcult to estimate how many 
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cotnpuccr^storc computers have been sold in the Untied Slates bccau:>c it is dimculi to define such a 
computer* dilllcuU to cut between •rcar\:omputcis and 'mere' cakrulators and 'mere' games. But the number 
of legitimate home, hobby, home* personal, and small-business computers is somewhere between 300.000 and 
1,000.000* and it is increasing very rapidly. Moreover, the capability of Ihc computers is increasing very 
rapidly, too. All this has raised the question* *Arc these small machines the answer to the needs of education?* 

The answer is not an unqualified but there is enough 'yes' in it to malce the present day 

micnxomputcr a very strong forcing function, to make it one of the reasons for believing that information 
technology truly is going to do something big for education. 

First* why the 'yes" is ni>t unqualified: The inexpensive machines available ttxJny arc comparable in 
capacity and power to much more expensive machines used in research on computer assisted instruction 
during the 1960s* and the cap^ibililics and timitutions of such machines for educational applications arc fairly 
well understood. They arc capable of handling drill and practice applications and of providing a tuUirial mode 
of instruction in applications in which the only a small amount of information is dealt with at any one time. 
TTicy arc capable of executing interesting and dramatic games, indeed, of producing mpid-firc action, 
provided that the games do not involve large amounts of intbrmation. lliey an: not capable ofhandling data 
* bases of even modest sj7,e. They arc not capable of storing, fjr example, the equivalent of a single school 
book. (Raising the price level to S2000 or $3000 brings bot)k-si/ed information bases into the picture,) Thus 
the prcscnt-day low-cosi microcomputer is. on the verge* It can do enough to make it very interesting* to 
excite students (and others, also), and to present - to anyone who can extrapolate - a pretty clear picture of 
what the future is going to be. Rut, when assessed as revolutionary vehicles in their own right, rather than as 
harbingers, tliey give rise to about as many 'yes, but* opinions as This is iL*s. 

Now, having made the necessary tempori/Jng statement, 1 can return to a higher state of enthusiasm: The 
video disk, mentioned as one of the examples of the advances of hardware technology, will soon remove the 
main limitation of the present day microcomputer. Unfortunately, the video disk subsystem will be at least as 
expensive as the microcomputer, but the video disk will put tens of thousands of images and hundreds of 
digital book-equivalents onto or into the desk beside the microcomputer This tcchnologiail advance will 
come in two waves, the first two or three years before the second. In the first wave. miKi of the information 
on the videti disk will be analog information, pictures of things and pvcttires of pages of icxU 'llic measure of 
size that is pertinent is 50,000 equivalent television frames, 'ITicy will be accessible as moving picture 
segments, as individual images, or as *slide shows' made of individual frames selected by the computer in any 
sequence. That wave will be exciting, but it will alsi> be frustrating. The microcomputer, being a digital 
device, will not be able to do anything with the pictures but find them, count them, and display them. It will 
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use the small amount of supplementary digital inrormation on a disk to select the pjcturcs in intcrcsUng 
sequences, even in sequences that depend on students' responses to ihcm, but the microprocessor will be 
blind to the content of the pictures. In the second wave, most or all of ihc content oP the video disk will be 
digital* and that will open up the game« 

What can be done with microcomputers plus digital video disks will be very exciting. It will be possible to 
make learning environments with domains equivalent to hundreds of books. Games and simulations will no 
longer be restricted to the small data bases that will fit into 'main memory' (say, 10 pages of text) or onto a 
'floppy disk' (say, 50 pages of text)* Whereas now almost every creator of *in educational program sees the 
limitation of storage space in the micr(x:omputer as the main restriction on what he can accomplis]>, the video 
disk will make almost every one ;idmit that the limiuition is now his own ability, cither his ability to imagine 
or his ability in convert his visions into soflwarc. 

Kven with the coming of digitiil video disks, two fundamental Hmiiations will remain. I'irst, although the 
vidct) disk will hold a very large amount of inroiination at a very small cost, and although the device that 
reads it will be able to read very rapidly once it finds the proper place, the mechanism that posiltiHis the 
reading clement will be slow, and so it will take a long time to search through a large number of altcmatives. 
And that is something that is involved in many computer applications. Second, video disks have to be 
distributed in advance of use, and that makes them Inappaipriatc for applications in which data arc shared 
and continually changing. U is difficult to tell how restrictive these limitations will be. Fortunately* other 
areas of information technology ofFcr ways to overcome the limitations, but they raise the question of 
alTordability, Probably magnetic bubble memories will solve the problem of providing tnexpcnstve memory 
with faster *random access' than video disks, and telecommunications will provide connections to shared and 
frequently updated daCa bases, 'fhc aftordabiliiy of telecommunications will not depend as strongly on the 
capability of the technology as it will on business constderaticms such as ammorti/ation policy. It may be 
desirable for Congress to make a law analogous to the one that makes it inexpensive to send books through 
the mail, a law that would make it possible for schools to afford to net themselves together and for everyone to 
gain electronic access to data bases and knowledge bases of educational significance. 

2*6 Confluence of Computers and Communications 

ITic fact that major segments of computer technology and communications technology have in effect 
merged greatly increases the intrinsic capability of information technology to support educational 
applications, I^istributed computer systems and computer-communication networks make it possible, and 
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should Here, still thinking about the end of the preceding paragraph, I say *sliuu!d' instead of 'will* - make 
it economically feasible for people in any part of Ihc country to communicate wiih one another and with 
large, shared data bases (and. in due course, knowledge bases) and to use specialized facilities, even Ihough 
remote. Thus computers owe much of their capability to advances in tclecommunicadons. In turn, 
telecommunications owes many ot its advances to computers, which serve as comniunicaUon switches, 
directing the u^fTic of packets of information on a time scale of thousandths of a second instead of the dmc 
scale of rninutes that wc arc used to in our ordinary use of the telephone, 

2*7 Information Technology Makes it Possible to Improve Resources 
Progressively, to Assemble the Best from All Sources, and Then to 
Distribute it to All Users 

•Piis is on« the main keys* Non-tcchntilogy-based education can be little belter than tl:o local resources. 
Only one or a few localities can have the best of any kind of resource, and none can have the best of all kinds. 
Information technology offers ways of providing everyone Uic best. Moreover, it offers ways of improving the 
best and making it continually beucr* 

2-8 Applications of Computers to Education that Have Been Mastered Work 
Quite Well 

To continue wlUi reasons for diinking that infonnation technology will contribute significantly to 
impmvcment of education, we sliould note that computer-base drill -and- practice systems and programmed 
instruction systems that deal with dcfmitc and concrete infonnation have proven ihcmsclvcs to be effccdvc 
and cost-effective. In areas in which alternative techniques of training arc very expensive, as in the training of 
commercial aircraft piloLs, even highly sophisticated and costly computer-based simulation systems have 
proven themselves. In many universities it has been found that the host way to tcich computer programming 
is to provide access to interactive computers with good programming systems. And in a few laboratories, it 
has been shown that ct>mputer-based learning environments really do stimulate interest, initiative, and 



2.9 Other Applications, Not Yet Fully Mastered, Appear Very Promising 



creativity. 
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The final basis for optimism that I want to mention is the preview of the future thai is provided by 
experience in research laboratories. Progress is being made in understanding how to ors(ani/.c information so 
the computer can use it in the way people use knowlcdr^. ITial li why 1 have mcntioncu 'Icnowlcdgc bases' as 
alternatives to, or as successors to, *daia bases'. It is getting to be lime to take seriously the notion that 
computers can process knowledge^ and not merely data. Progress is being made in computer processing of 
natural languages, such as Hnglish. Indeed, considerable progress has been made in getting the computer to 
understand spoken language^ and computer recognition of individual words and computer utterance of 
connected phrases and sentences are now *state of the art\ There is g(H)d progress even in such truly difYicuU 
areas as theorem proving, problem solving, decision making, and robotics. 'Ilie distant future of educational* 
technology is being shaped even now by work in these areas. But there is too much work still to be done for 
mc tu say that they arc going to dominate cduc4ntional appHcations of computers in the next few years. 
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3. WHY INFORMATION TECHNOLOGY IS NOT 
ACTUALLY HAVING A MAJOR IMPACT ON 

EDUCATION 

3.1 Much More Work on Educational Applications Needed 

InfonnaUon lcc"nnoIi>8y provides the esscMUa raw materials for rcvoluUonary advances in education, but 
tfysy arc raw materials. The have to be processed into educational technology. At the present time, few 
■ ediKaioir: understand information technology, and few infonnation icchnologisK understand education. 
There iias been a faWy sutetantial dc%e1opment and successful application of aimc forms of computer 
assisted instruction, but nothing wmparabic to the development of applications of information technology in 
business, industry, medicine, engineering, or defense. It is going to take a -"^ large amount of software 
dc«U»pmcnt, oriented toward cdueaUon and carried out by groups that understand both education and 
information technology, to create the essential base of cducaUonal technology. 

In educational television, it has been clear for a long time that 'pnigramming' is as important as cameras, 
transmiucis. and receivers - and very cosUy. In computer-based educational applications, there will have to 
be an analogous approdaUon of the importance of 'programming* and 'application software*. 

3.2 Until Recently, the Cost of Information Technology Was Too High for 
Schools 

When the cost of a given commodity is halving every two years, it can be 'loo expensive* in one decade and 
'almost ir^- the next That is what is happening to computer hardware, but not software, and not 
communications. During the 1960s and early 1970s, almost everything about inforoiaUon technology was too 
expensive to support any but the very 'cream' educaUonal applications. Now computer hardware is 
afTordablc. It may turn out dial Iherx: arc enough dedicated people to get the software work done at not wo 
great a cost niic eagerness of dedicated pct>plc to work on the problem is one oflhc nuBt rav.)rablc factors in 
the whole picture.) And It may be that salclliics. cables, and optic fibres, together with computerized 
switches, will bring the cost of networks into the range that schwils can deal with. Cost is still going to be a 
problem, buf "Hit as severe a problem as it has been in the past. 

1^1 
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3.3 Many Schools Are Trying to Do Big Jobs with Machines That Are Too 



Now thai small micmcomputcr systems have become widely anbrdablc. many schools arc buying 
computer systems that are essentially hobby computer systems and expecting them to do big*sysicm jobs. 
They sometimes come close to doing those Jobs^ but are not quite up lo expecutions, and there is a certain 
amount of disappointment. It should not be pcrmiticd to prejudice the future. 

Actually, it is very much easier to develop successful applications on computers that arc large enough to 
• support comprehensive and sophisticated programming systCais, Often, programs developed with the aid of 
such large systems can^ when completed, run in smalt, inexpensive systems. However, it titkes a Int of 
computer memory to support a si>phisticatedsystcm of programs - say in million bits of fa*ii memory and 100 
million bits of slow memory. It usually takes a sophisticated system of pn»gnuns to make an application truly 
. cITetlive and easy to use. Hxpcns can get by with less, but experts rarely need to. Users not knowledgeable 
about computers need 'friendly interfaces*, and such interfaces require large memories. 

As things arc going, it may take about another ten years of continued technological advance to bring 
computers of the required capability into the present school price range. That is despite the fact that such 
computers arc already judged cosi-cffcctive in many other applrcatton areas. What is out of proponton is 
school economics, not information technology economics* 'fhc pmblcm is that schools arc used to a pattern 
of big spending on people and buildings and austere economy on everything else. Hducational institutions 
must change their economic philosophy. If they arc going to take advantage of infonnation technology 
cffcctivcty and efFiciently. It is saddening to realize that the future of education may depend so critically 
upon this consideration, llie only thing technology (and the information industries) can do about it, if 
education refuses lo alter its economic philosophy, is to outflank the shools by taking their case directly to the 
homes or by setting up technology based schools outside the cstablished s ystem, 

3.4 The fiasic Philosophy Underlying Mr.st Applications of Computers to 
Education Haei Been Wrong 

llie main thrust of computer app1ic£:clons in education has been to use the computer lo push facts into 
students, ITic approach that works best, on the other hand, is to use the computer and auxiliary technology to 
create a stimulating teaming environment and to make the computer a partner to the student in exploring and 
in solving problems. 
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Interaction with a well programmed computer can be strongly moijvating to students. Actually 
prognutiming the computer can be even more modvating. With the right set-up. even grade school children 
can pcognun computers and. in Jhc process, get excited about learning, and learn not only about computers 
butabout the substanUvc fields viih which their programs deal. There has been rdaUvcIy little of this kind of 
epplicaiion of computers in schools. Note that 1 say 'relatively little'. Some people have been working in this 
direction, and they arc heroes. There are too few such heroes. 

3.5 The Kinds of Information Technology Mosl Used in Schools Have Been 
the Non-Interactive Kinds 

•ITic main infonnation techn*)!ogics exploited by education have been Gutenberg, cinema, and television. 
One might mention, also, radio, phonograph, magnetic Uipc. aivJ automatic test scoring, 'fhosc technologies 
are all non-interactive. The world of education is to be commended for its receptivity to those technologies 
and for ils continuing development of educational television. Nothing that I am saying here is intended to 
diminish those accomplishments. 

The hypothesis that undcriics this paper, however, is that ip-eraction is the powerful new force that offers 

the strongest pnamlsc of rcvitaliiJng education. That hypothesis may turn out not to be valid, of course. But 

there is now much evidence that a well programmed comp-'.ci system that puts initiative into the hands of its 

users contains a largo charge of motivation, and there Is no doubt that people learn more when they interact 

wfth the sjbject matter than they do when they merely watch it- The motivational force of interaction seems 

^ai stronger thcin ihJ alUacliveness of television, even though Uicrc has been noUiing in the computer field 

comparable to television's development of the art of creating program material that will boost the Nielson 

rating. In any event, tfic point here is Uiat one of tiic shortcomings of past applications of information 

technology to education has been that the best-applied techniques have not had the motivating force of 

interaction and the participatory quaU:y of interaction working for Uiem. 
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4. THE NATURE OF THE POTENTIAL IMPACT: 
BENEFITS, COSTS, AND DANGERS 

4.1 Potential Benefits 

I.ct US suppose th\r, despite ihc present preoccupation with budjct cutting and tlic continuing general 
reluctance ' to &cc iuc federal {^nvcmment undertake major initiatives in edticauon in the United States, 
information technology ncvenhcltiss diKrs-^ct its big chance to n?v;tnJI/.c education*^ And suppose that it 
sicTJca the opportunity forcefully' and also wisely. What benefits would be gained? 

Consider productivity first. A Inrge amount of our national fatfurc to increase productivity from year to 
year is due — obviously due — co the fact lhat sn much of the pi)tcnt3nl warkfcrce is not cducnicd or trained 
well enough to work priKluct^y»::1y. 'llicrc is no question that, in many nuidcm jobs, a ptx^rly educated and 
poorly trained Vorkcr' can do much imorc harm than good. The economy is becoming increasingly a service 
ccontimy, and services arc composed mainly of -* not material, and not enei'gy, thank Heaven, but 
information. So a real advance in education and training should give pmductivity a big biMist^ and that slioutd 
give the economy a big boosC 

Since productivity .Is a cmciat issue, let me say five more short tilings about informalion technology^ 
educ.?tion, and.t^itxIucUvity* First, it may not be a conincidcncc that productivity is falling just as the 
economy is becoming more and more heavily information-ba'^cd. It may be that wc have not yet learned to be 
prDductJve in work with information* as wc have in work with material things. Second, information 
technology is proving to be the best aid to increasing productivity even in fields, such as manufacturing* 
whose Hnal products arc material, lliird, partly because of the sheer increase in the amount of information 
required by the society, and partly because of the need to deal with it mere cfrcctively, there is going to be an 
increasing need for people who understand the technology that deals with information. Fourth, edtication 
heavily supported by information tcchno]t>gy is naturally going to be to a considerable extent edtication in 
information technology, and it will tlicrcfore have a natural pertinence to our ncreds as a stKiety. Rfth« 
although many of us arc dead sure that infum[iation lechnulogy is capable, through impact on cdticatiun and 

'get its bis chaRce\ I do not mean to limit ttic ran^c or rfcsMbnuics to ma^vc Tcdcnil support One orihc main oooccms b 
whether Ihc impact thai inromulion tcchnotcsy would have on education under the dijnilniincc or the fofccs of 'he inarfcciplacc slone 
would t>c better or wonsc than the impoct lhai infofmallon :<xhnology would have on crhioillon under a oaihi >a] pbn lhat mcfxcd 
SOvcmnicAt support with the cnircprcndirlal ddrc orihc marketplace, t ha\c an opinion about lhat, hut I do not want to let it dominate 
U)b paper, 
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training, lo increase national productivity very signincanily, wc cannot lay out the argument clearly and 
ruFcefulIy enough lo convince the people who have to be convinced in order lo coyivcrt eagerness into action. 
Wc need definite and quantitative models based on sojid analysis — and presented with dramatic graphics 
to explain and convince. The present state of uncertainty and inaction is due. not to lack ct care about our 
future* but to lack of real belief that information technology is tiic germinal force that can make it or break it 
and tluit education is the key field in which it must be put to work. 

Closely coupled to productivity, but with a somewhat different connotation, is quality of life. Shortages of 
'energy and raw materials may seem to threaten quality of Ufe, but the universe of information offcis an 
es;seniia11y bi>undtess area inio which our interests can turn into which, as some sec it, our interests must 
turn, it may be a matter of pnictical importance to everyone, therefore, ituxi we Icurn how lo make 
exploration of knowledge as interesting as travel in foreign countries* tliat we learn u> ni;ikc ihe home 
information center a stmrcc of as much exhlleration iis Tour-on-the-niH>r* used lo be. My own experience at 
ihe computer console tells me it can be even more interesting, even more exhilcrating- 

If the mutlvational power of iiueraction is as strong as I am sure it is, vigorous application of inftirmation 
technology to education will create a new regime in which, for millions of citizens, especially for the youth of 
the country, enthusiaiiic active involvement in creative activities will replace passive viewing and attending. 
I'o what extent commercial television is to blame for the general lack of feeling of well-being, for the 
prevalent anomie, I am not sure, but I think it would be a major benefit if education pulled a lot of people 
away from television. In any event, what a benefit rcviiali/ation of our society would be! 

Coming down out of tlic clouds a bit to a level halfway between quality of life and productivity: 
technology is capable of pruviding quality education to aW citizens throughout tlic country- Technology can 
free the quality of educaUon from dependence upon geography and upon aflluence.^ lliat is a matter of 
major significance to us in the United States because of our democratic political philosophy, but it is even 
more critical to people in the developing and the undeveloped countries because ihcir entire populadons arc 
remote from the established cognitive ccnteis of the world. If we developed a very effective and cfTicknt 
tcchnology-based system of education, we would have something truly valuable to offer them, something 
worthy of our tradition of liberty and freedom* 

4>2 Costs 

^Nolc well itut I am saying 'can^, here, and noc 'wiir. Unless wc plan M and force U la h;^pcn Owl way. the ircnd will prntably go In 
Ihe olhcr s^iieciion. Sec Ti*ngcnt\ the second scctUin following. 
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Education in Uic United Smcs is a S40 to $80 billion per year ;::dustry* and to have a mnjor impact on it 
will be expensive* 'Hie fcderaJ government will not have lo fund the whole cfTort, as it did in the case of the 
space program, but as a practical matter it is clear Uiat.it would take a stnmg Jniliativc by the federal 
government to activate a major program of iipplication of information technology to the public schmils. Slate 
and local governments arc not organized to do iL Technology push and the profit motive might do the job 
eventually, but those forces are aiming themselves much more directly at the home market than ;it the schools. 

A direct approach to estimating the cost of rcviuiH/ing cditc:ilion through application of information 
technology may be counterproductive if ji comes up with large estimates. Moreover, estimates of Uic cost of 
applying information technology to education arc likely to scatter themselves through a factor often. And I 
have no claim to expertise as a hudgetcer. Nevertheless, I Ihhik thiil there is need fi>r a rough guess as to what 
a major efforts built up over a five-year period ^nd tlicn continued for a decade, would c*jsL If I make one, it 
may stimulate others to adjust my guess. Surely the adjustment will be <.Iownward, for tlic general tenor of the 
times is incompatible with another space pn>£r^ram. 

Even h!^<rn^ said that, I feel a need to wafTle before facing the effort. No one in his right mind would 
embark a'^nipt!^, ;>t the present time, upon a program comparable to Utc one that put men on the Moon in 
the 60s, A technolK' ,y*uuscd c-ducation program would have lo evolve through smaller, pilot efTorts. 

For the sake of perspective on the long run, nevertheless, here is an estimate based on 'planning for 
success^ and on the assumption that the first few years of gradual build-up conitrm the most optimistic 
expectations: 

nasically« any estimate is going to derive its size mainly from the f;ict that there are many millions of 
people who need improved education. I^t us more or less arbitrarily take the number as 40 million, 'lltat 
docs not quite include all the school students, and it does not include any adults, niany of whom need 
retreading and/or continuing cducadon* 

llie largest component of the cost would be the hardware cost. 'Ilint is truc« not tsccausc we arc going to 
neglect software research and development but because the products of research of all kinds and the products 
of software development in particular can be replicated at very low cost, whereas the economics of mass 
production of hardware, though favorable, arc not nearly as favorable, 'i o get a ball-park flgtire on hardware, 
assume 40 million students and a $2000 capitiil investment in infonnation technology per student. The image 
in my mind of what S2000 per sttidcnt would buy ts one that improves with time tmd approaches the set-up of 
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the inirodiKtory scenario by the early 1990s. The investment would be prngrammcd over a icn-ycar period, 
-nttt bcsini^ing ln an c1c^;Uon year. $30 biltian total; $S billion per year. It would provide die hardware base 
for a very sophisticated and powerful educiitional 'system* for each studcnl- 

. The most difRcult cost problem would be a -people problem'. Assume that there arc 2 million teachers 
who should put 20 per cent of their lime and energy into learning how to exploit the new technology. In the 
Interest of keeping the numbers round, let us undercslima.e their salaries at $10,000 each per year - of which 
20 per ccni is 52000. That amounts to $4 billion per year, $40 billion over the ten-year period. 

The cost of &iftwarc research and development is high, but. ar. mentioned, the cost of replicating a 
developed program is negligible. In cducaiionnl applications, the ratio of use to development will be higher 
than it is in m.*t applications of information technology. In order n«i to make the mistake of 
underestimating the software cosL^ let us a^i.mc. nevertheless, that 10,000 i\.ll-limc professional analysts, 
subject-matter spccia\ists. and pmgrammcns arc involved i-i creating Uie software bases of the new systems 
and tliat 100,000 tcachere and students arc involved part-time. Let us allow $50,000 per year for each 
professional and $5000 per year for e:ich part-time contributor, l-hat malccs the software cost come out to $1 
billion per year. $10 billion for the ten-year period. 

The sum of the three estimates is $13 billion per year, $130 billion over the ten years. Hut wc should 
smoom the rectangle into a bcU-shapcd curve. ITiere would be a gradual growth up to about $10 billion, then 
a rounded top iliat might reach $12 or $13 billion, and then a gradual drop ofT. Ofcour^. if the program 
were very successful, further improvement would continue indcfinUcly. but the cost of it would tfe more than 
made up for by increased productivity, and the whole thing would be seen a a very difTcrcni perspecUvc. 

Today, in the midst of budget cutting. $13 billion is a great quantity of money to contemplate spending on 
one program in one year. 'ITie natural ftrsl reaction is to reject the notion as preposterous or to suirt thinking 
about how to patv it down - say Ui $13 million - but even that sounds large in this building at this moment. 
In the perspective of the total cost .>r education, however, it is a relatively small amount, and in the 
pcfspcctivcof the cost of welfare and unproduclivity. it is even smaller, 

NobtKly knows for sure the cost of not revilali/.ing cducatii.n in the United States. Superior cducaUon Is 
* probably one of the mam Ruru.n! accounting for Japan's remarkable economic advance. Inferior education is 
alm.«l surely one of the main factors in our «bvi.,us decline. If we are going to pull ourselves out of the 
decline, wc have to make the necessary investments in re-tooling our industry and in re-tooling ourselves. If 
wc cannot invest in the technology Uiat promises to gel us out of trouble, we must expect to sink deeper into 
trouble. 
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My feeling about the cost estimate or$l3 billion per year is that wc should Rxriis on it, or sometJiing like it, 
as a measure of what it would lake each year over a period of years to revitali/.c ourselves informationally and 
intellectually — and start getting ourselves hito a position to sec whether or not a program to develop 
technology-based education would actually work. 'ITie early costs would he nothmg like $1.1 billion because it 
would take several years to get itxiled up to spend money at that rate. 'Iliosc years would provide time to 
develop a joint educational and technological capability and an opportunity lo get some gcMxl measures of 
effectiveness and cost-cffcciivcness, Hut more abcmt this in the final section, 

4.3 Dangers 

It is easier lo do it wrong tJian it is to do it right. *l>^ing It wrong', in the case of educiilioii:»l applications of 
inromiation technology, might lead to ind(x:trinatiim instead of cnliglilcnmcnL it might lead to 
homogcnation* with everybody being taught the same things by the s;une ctimpuier-assistcd-insiruction 
programs. It might lead to a general leveling, with everyone thinking the same tlunighLs in the siime way. All 
that is quite the opposite of the ideal envisioned by people who have a noiion of the hcncfiLs the new 
technology can bestow and who want to see it have a chance to fulfill its promise, 'llicrc nnisl be a strong and 
diligent effort to keep applications of information technology off tlic *dchiuTiani/ation* path. 

If informaliofx technology comes to play a very major role in education^ it will intensify the danger dial 
education be turned into propaganda by governments or by powerful commercial or ideological 
organizations. A dictator could probably exploit the image of the computer as nil-knowing and infallible, 
'fhis line of thouglu makes me want to cmphasi7.c how important it is that both the human initiative and the 
computers :n any future computer-based education system be distributed gcogmphically. 'ITie role of central 
planning should be to ensure that the ovcr-all system is coherent, diat all the parts can communicate with one 
another effectively. There should l>e plenty of Uxral initiative and control in all aspects that have to do with 
substance and content. 

'I"he easicst-to-dcvelop techniques of computer-based education can handle facts but not concepts. Sheer 
exploitation of information technology, as distinguished from wise application of it. would pn>bably lead to 
an undesirable shift of emphasis from concepts to facts, 'lliis is not a danger to be ignored, for, as suggested a 
moment ago. it is easier to exploit technology than it is to apply it wisely. 

If techniques to simplify interaction with computers were neglected, the cfrcct would be to limit effective 
$ use of computer-based education to. the more privileged students with special training in the use of 
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computeis. 

irinrormation-tcchnology-bascd cducadonal systems were very cfTcclivc but also very expensive, ihc effect 
would be — in ihc absence of intervention by the federal govcmnicnt — to limit the benefits to the afTlucnt. 
Rich areas would have much .better education than poor areas, and the disproportion would be worse than it 
is now. 

/nicrc isa possibility that teachers may not master pertinent information technology. Some may be unable 
to master it Oli*crs may be frightened away by preconceptions or bad initial experiences. Hither way, an 
adversary situation within the cducaUona! community might result. 

ll is evident that industry is aiming much t\\orc at the home marltct than M the school marlccL Actually, 
although it is a great idea to make education cntcnaintng, it is probably not in the interest of education to 
emphasize Ppamcs and amusement as much as the home market has emphasi/.cd them. ITicrc is a danger in 
relying on cducaUon-in-the-homc to fill the gap t1i*it that will be left by the schools if they do not greatly 
improve their cfTcctivencss. 

Rnally« schools may not be able, as they arc presently organized, to lake advantage of information 
technology — and they may not be able to reorganize themselves* If that turns out to be the case, and if 
information technology proves itself to be extremely effective in such other contexts as in-housc educational 
rnd training programs in business, industry, and government, then commercial schools or other institutional 
alternatives to schools-as-wc-know-them may spring up and siphon ofTthe afriucnt students, ITiat, of course, 
would intensify the problem of inequality of educational opportunity. 
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5. WHAT NEEDS TO BE DONE TO GAIN THE 
BENEFITS AND AVOID THE DANGERS 

5«1 Getting Ouraelves Organized 



Thcrc arc many intcUigcnr and eager people out there who want to contribute to reversing the downhill 
trends of education and esprit in the United Stales. Stiinc of them know education. Some of them know 
technology* Some of them understand other parts of the overall problem; economics, law, sociology, 
demography, psychology* , llie first step in getting something suiricd is lu create the conditions under 
which those people will get together, get acquainted* come to understand the pertinence of one another's 
areas of Vnowlcdge, and Form a community of tcchology-oriented educators, 'ihat is, indeed, a modest step, 
one lharcaji be taken even in ihe middle of an cctmomy wave, 

'fhe an of creating intellectual communities is not very well understood. It is clear thai a lot of human 
inccractictn in required, and, until most people arc on an clectninic network, it is clear that meetings arc part of 
the game. However, there is much more to it than just a scries of conferences. A series of conferences, at this 
stage, might be destructive because so many people arc cynical about the likelihood of any real program. 
What is necdcfj* almost as the first toe-molion of tlic first step, are some defmite plans and some visible 
pcciccts aimed carrying out the plans. ITicsc early-fiixt-stcp undertakings can be modest. Iliey need not 
total more than a few million dollars at the outset The planning should be pluralistic and involve quite a few 
people, hul it sTiould happen quickly, and the time scale for moving into visible action should be short. 
IndcL^ so fnuch planning has been done during the last few years of relative research and development 
idleness that the main task of planning is to select from what has already been planned and firm up a definite 
course of actJo« ? t'^X the work under way. 

'Ihe early work should* in my judgment, be aimed mainly at gcuing the ftcld*s ducks lined up and 
dcmonUmting and augmenting the various appmachcs to improvement of education that appear promising. 
Not much effort should be devoted, at first, to formal cvahiation. What we are looking for arc approaches 
that work so well that their effectiveness is obvious. When wc have some obvimisly giK>d candidates, then it 
will be time to prove it formally and quantitatively. Moreover* the very early work should be viewed in large 
part as a community building cfTot. Hy 'getting the ducks lined up*. ! mean getting everybody acquainted 
with everybody clse*s techniques, building up the documentation and software exchanges, and getting at least 
the main research and dcvelopmerif ^mups into electronic communication with one another* Finally, much 
of the efTon of the first year or two shix>ld be devoted to gcuing the research and development onto a realistic 
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equipment base. The technology of microcomputers and video disks, for example, is advancing so rapidly 
that it is ftMtlish to be doing research wilh I6*thousand-byte memories and ^mini-floppy" disks. Before the 
research can be moved into application* much larger memories will be affordable. The equipment base for 
research should always be at least six years (and therefore at least a factor of 8) ahead of the current 
application equipment base'. 

5.2 Hardware Research and Development 

Hardware rcscatx^h and development arc progressing rapidly in the field of information technology 
withcntt much support from education. Fducaiifin di>cs not need to worry much about hardware research. If 
cduauion defines its needs, it will be able Uj use ils mass purchasing power to influence the directions of 
technology developmenL It could, for example, accelerate tlie development of digiuJ videt> disks. But 
hardware research and hardware development arc not main areas ofconccm. 

5.3 Software Research and Development 

Two main branches of the software art are pertinent to education: system software (which is software that 
extends and augments the general capabilities of the hardware) and application software (which is software 
that performs functions that arc meaningful in the perception of the people who want to use the system for 
purposes specific to their field of work). The education community can treat system software very much as 
though it were hardware. The community should define its needs and use its influence as a mass customer. 
Application software, on the other hand, cannot be developed without the direct panicipation of people who 
know and undentand education as full-time professional. Development of good applicatton software 
requires the pooling of the knowledge and skills of experts in information technology and experts in the field 
of application. 

The development of application software for education will come in two waves, one that will break fairly 
rapidly, and a second that will build up over several years - perhaps even a decade or more. ITie first wave 
will focus on educational and infomiationul techniques that are fairly well understood, and it will be mainly a 
development effort. 'ITie second wave Will undertake the much more dinicult Lisk of reorganizing and 
re-representing knowledge in ways that will permit computers to be much more effective than they arc now in 
helping people work with ideas and concepts* For some time, the second wave will be mainly a research 
effon. 
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In the first wave, several advances made in the 1970s will be adapted u> education: 
Hlcctfxinic Message Systems 

2. Fditing» Forniatting, and Printing Systems. 

3. Modeling and Simulation Tcchnkjues 
^ ^ 4. Com puicr^ Rased Games 

5. ' Data Bases and t^ata Management Systems 

6. Computer Networks and Dislribuicd Computer Systems 

In addition, the fiist wave will be concerned with informiiiion technology that hits been used in 
cdiicaiional sipplicatJ»ns with some success but thai needs to be further tested, improved, and augmented: 

1. Computer- Based Drill and Fractke 
X Computer-Assisted instruction 

3. ComputcfManagcd Instrucdon 

4. Computer-Assisted Reasoning and Fmblcm Solving 

5. Business Games 

6. Computcr-Dascd Testing 

7. Stand- Alone Teaching Machines 

8. Pocket Calculator! 

9. Scand-Alonc Hlcctronlc Games 
la ^peak*and-SpcHMtkc Dcvkxs 
II « Interactive Telcvi^oa 

*nie Hm wave should, also, make comparative tests of interactive and non-interactive techniques to 
C3t:d3lish the true hnpoftancc of interaction in cducatlonat applications. Among ihe non-interactive 
techniques, preprogrammed educational television and rcnwCc video lectures — and, of course, books - 
should be included. The need for such evaluative woit b perhaps only to prove to alt what b obvious to 
many, but the hypodicsb tiiac inicnctioa b very powerftil b basic to the whole undertaking, and it would be 
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well to put it on the finncst basis. 

The second wave will have to explore the many new possibilities that arc being opened up for the 
representation of knowledge. We have lived so long with knowledge represented mainly in the form of 
natural language text, pictures, and mathematical expressions that it is hard to imagine that complex patterns 
of lists and pointers in computer memories may be much more appropriate for storing the world's corpus of 
know1ed£c. Nevertheless, the long-term future of education probably lies in new, computer-based 
representations of knowledge, and some of the most basic work of the second wave will be research on 
knowledge bases. Other topics that arc important and promising are: 

1* Natural Language Processing 

2. "Expert Assistant* Computer Systems 

3. Computer-Based Tutorial Systems 

4. Motivational Aspects of 1 nteracti ve Use of Computers 

5. Multi-Media Systems 

6. Making Technology- Based Systems Easy for Non-Technologists to Use 

7. 3-D and Other Spatial Presentation Techniques 

8. Large-Screen Display Techniques 

9. How Best to Adapt Computers to the Requirements of Various Subject Matters and How Best to 
Reorganize Subjects "of Instruction to Take Advantage of Computers 

5.4 Oversight 

Whether undertaken as a planned prtigram or left to the marketplace, the application of information 
icchnolosv to educaUon will shape the future of life in the United States. It will be a process that wili require 
wise ovcisight and wise guidance. 

The application- of information technology to education seems too cnxrial to be left unplanned and 
unstudied. We should try to foresee the opportunities and take advantage of them. We sliuuld try to fbresec 
the problems that will arise and meet them head-on rather than being overwhelmed by them when they come 
upon US- 
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Cummiuccs of Congress should have dcnniCe assignments lo mtiniior and guide the process and should be 
starred for the purpose. IXtHnuc responsibilities of monitorship should be assigned to the Department of 
Education and perhap* to other agencies, such as the National Science Foundation. The main cognizant 
agency of the Executive Branch should maintain a list ofgoats and objectives and a list of dangers and threats. 
IndicatofS of the state of education should be developed and maintained in a consistent way over time. Every 
three years, there should be a report on the slate of education and on progress in applying information 
technology to improve education. 
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Dr. LiCKLiDER. At this time we will hear from Dr. Maxine Rockoff, 
vice president, planning and research, Corporation for Public Broad- 
castmg. 

STATEMENT OF DR. MAXUffE KOCKOPF, VICE PRESIDENT, PLANKINO 
AMD RESEARCH, CORPORATION OP PUBLIC BROADCASTING 

I>r. RocKOi^. Thank you. It is a great pleasure to be here, Mr. 
Chairman, and members of the committee. 

Perhaps every extravaganza ought to have a wet blanket thrown on 
It for purposes of encouraging discussion- I will accept that role here 
this morning, Mr. Chairman. 

There are four points that I will make. 

First: I win say that I think it is unlikely that we will have a tech- 
nology revolution in education. Moreover, I will argue it is not in the 
Nation's best interests to have one. 

Second : I suggest there are less ambitious goals that we could adopt 
as a national policy. I will discuss universal computer literacy as one 
such goal. I will say that even this is too expensive in terms of the 
tradeoffs that would be required. 

Third: We should settle for computer comfortable as a national 
goal. 

Finally : I'll speak to the possibilities with respect to private sector 
involvement that could help make this an achievable goal. 

With respect to my first point, that we are unlikely to have a com- 
plete technology revolution in education, I speak from 7 years of ex- 
penence in another public sector, trying to introduce and to develop 
technologies for health care systems. 

Although it ma3' sound obvious, the technology has to be in the best 
interests of those directly involved in order for the- technology to be 
adopted. 

In one rural clinic in Oregon, we had nurse practitioners who were 
backed up by a physician 55 miles away. We had a two-way slow-scan 
television system installed that was relatively inexpensive and rela- 
tively simple. On its face, it appeared to be cost effective in that the 
cost of travel that was averted on the part of the patients from the rural 
area were more than the cost of the technology itself. 

However, after the Federal funding ceased, the technology was 
removed. When we went back and asked why the technology did not 
become adopted, the answer in part was that the technology was not in 
the best interests of the people that had to adopt it. 

The physician involved in the project was really not interested in 
savinj^ patient travel. In fact, his interests were best served by in- 
creasmg patient travel. He was looking to the rural areas because the 
. urban community in which he was practicing was becoming tight with 
respect to an oversupply of physicia.os. 

There are some other examples in my written testimony of tech- 
nology not being adopted because it was not in the personal best in- 
terests of the adopters. 

N*ow, what does this have to say for education? As Dr. Licklider, 
Mr. Melmed and Dr. Heuston have pointed out, education is labor 
intensive.^ It seems unlikely to me that teachers are going to adopt 
labor-saving devices. 

Even if it were possible to have a technology revolution in educa- 
tion, would it be desirable in terms of the cost, at $13 billion for 10 
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years? But it is not just the capital costs; the opportunity costs must 
al*2o be weighed* 

Xf, I had to choose as a goal universal computer literacy, which is 
even^ less than a complete technology revolution in education, vei*sus 
traditional literacy or knowledge of history, I am not sure that I 
would opt even for computer literacy • In thinking about the absolute 
minimum I would ask for all Americans — I would say that it is com- 
puter comfortable. that I mean the ability to interact with an in- 
animate but intelligent object or device comfortably. 

To buy a fare card in Washington's Metro system today requires 
interacting with a computer, pressing the ri^ht buttons in response 
to step-by-step instructions, Today^s Metro rider, however, still asks 
an attendant for information about routes and schedules. 

It is quite possible, and even probable, that tomorrow's Metro rider 
will get information about routes and schedules by interacting with 
a computer. The level of computer comfort required is going to in- 
crease as the level of sophistication increases throughout society. 

What Government actions and investments are needed to assure 
that all of our citizens become computer comfortable? Instead of 
taking Dr. Licklider's ambitious ;^lan and scaling it down, which 
assumes that the ftiU responsibility lies in the educational sec- 
tor* I'd like at this time to take a different tack and come at the ques- 
tion from the perspectives of the user and the private sector. 

First, there are important publicly supported experiments and dem- 
onstrations that lie outside the education system* For example, we at 
'CPB are supporting a Teletext experiment in partnership with the 
National Science Foundation, the HEW telecommunications demon- 
stration program, and the National Telecommunications and Informa- 
tion Administration to explore what kinds of public sector and private 
sector information could and should be provided to the home television 
set as part of the broadcast television signal. 

We want to know what kinds of information the user will want in 
this form, whether it is information concerning the availability of 
services for the elderly, health-care tips, menu planning, television 
schedules, weather, or the like. Experiments such as these, in- 
cluding television, audio and visual conferencing, and other tele- 
communications and computer technologies are important if we 
are even to define what the potential for technology is, just as 
the experiments^ in technolognr in education were essential for de- 
fining the possible dEuture that Dr. Licklider has drawn so ex- 
citingly. These, I think, must come from the public sector in terras 
of investment, and the proposal that we should make the software 
investment is, I think, appropriate and even essential. 

But must all of the investment come from the public sector? I tihink 
the answer is clearly no. Major investments are being made in the 
private sector : the office of the future, electronic banking, airline sched- 
uling, electronically delivered stock market information, satellite- 
based data communications, to name just a few. 

In addition to the capital investments, industry is making significant 
educational investments to teach people how to interact with the neces- 
sary devices. Moreover, it is precisely these kinds of dc^velopments that 
make it important that we all be computer comfortable in order to 
have people that are able to use such machines and devices in industry 
in the future. 
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Now, should the entire educational burden lie completely in the 
private sector? Again, I think the answer is clearly no. What is the 
approximate mix, then, between public and private investment? I 
would like to suggest some possibilities. 

I'd like to cair your attention to a device with which you may be 
familiar. It is being marketed by Mattel, Incorporated- It is called 
■ IntoUivision and it goes well beyond the by now traditional t^leyisicn 
sames. By adding a computer keyboard, fchis product offers individual- 
ized tax preparation, stock analysis, astrological forecasting and guitar 
!lessoiis« ^ 

Of greater interest to the participants at this seminar, this product- 
als6^'6ner« TKe^Ele^ arithmetic and spelling lessons :^or 

T to 11 year olds. The Sesame Street graduates, the 3 to 5 year olds, 
will be computer comfortable without even knowing that they are, in. 
fact^ interacting with a computer as they ^ play these games. Small 
children will become skilled at interacting with an inanimate but intel- 
ligent device. I predict that such children will accommodate easily to 
--more sophisticated information processing tools as th^^J R-^^ ^P- 
technologies like Intellivision become widespread, they will rv iv ^ng 
way toward assuring the minimum level of computer comfortableness 
that I am advocating* 

The questions for the education prof esp^.onals then become these. How 
can we take advantage of developments taking place in the private 
sector as information technologies are being adopted there ? How can 
we identify and then prevent or ameliorate their many potentially 
harmful social consequences ? 

I>r. Licklider skimmed over the possible harmful consequences of a 
^technological revolution in education. I think the dangers are going 
to be even greater if the profitmaking private sector drives the tech- 
nologies. These are dehumanization, propaganda instead of education, 
emphasis on facts over concepts, and, most importantly, inequity. The 
less well off are going to need the Metro schedule and the information 
on availabilitv of services for the elderly at least as much as the well 
off will need them. 

In summary and conclusion, I have made the following points : ^ 
There is unlikely to be a technology revolution in education, given 
teachers^ probable resistance to adopting teacher-savincj devices. 

Universal computer literacy wo^ild be one possible educational goal 
that would require a substantial investment, albeit a siinaller one than 
would be required for a technology^ revolution. 

For my part, I would settle for computer comfortable as a goal 
rather than computer literate, given the tradeoffs with other educa- 
tional goals that would be required and given what I see as the needed 
minimum for every citizen^ namely to be comfortable when interact- 
ing with an inanimate but intelligent device. 

Finally, I see promising deveioi^ments taking place in the private 
sector^ such as cable-driven television learning, wliich make me opti- 
mistic about our chances for achieving this more modest, but still chal- 
lenging and exciting goal. 
'iOiank you very much, 

[The complete statement of Dr. Maxine Hockoff follows :] 
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Statkmbnt op Maxii?£ Lr. BocKOFF, Ph- D,, .Vice Pbesidekt fob Planning and 

RbSBABGH, CoBPOBATION for PUBUC ^BOADCASTINa 

Mr. ChA±nnan and Heanbera o£ t:he S\:(bcQcmLit.teeB, X am pleased 
to par1;lclpa't:e . wltlx you today In thXu panel dlacuesion on Social 
axul Bcx>nasalc Xxnpacta o£ Information Technolo^ In Education. 

The potential £or oooenputer and teXeconxmunlcatlona technologies 
to have profound Impacts In educatloxi ±s cleeur. In addition to the 
Inter act±ve, coonputor^^baeed technologies discussed by Pro£easor 
U.c]cXlder, there are other technologies with such potential/ In-* 
eluding television as we know It today and as it la evolving In 
^the changing telecommunications environment* Indeed , the 
Oorporat±on £or Public Broadcasting recognizes this and plays a 
major role In aasurlng that the educational potential of public 
t-3letvlalon programming for learners of all ages la fulfilled. 

However, the perspective that I w±sh to bring this morning Is 
based on the seven years that X spent i>n the Department of Healths 
Bducat'lon and Welfare developing sdLmllar technological innovations 
In a different public sector, namely health care delivery. 

One of the most Important lessons X draw from thdF,t experience 
Is that i^e adoption of technology will not take place unless It 
Is perceived by the adopters to be In their own best Interests. 
Although this may seem obvious, X assert that it Is not, and I 
will llXustrate with three examples. 

In one rural health care project we Installed a relatively 
lnexpens±ve two-way slew— '^can television system between a rural 
cUnJLc staffed by two nurse practitioners and a physician providing 
them backup In a city 55 miles away. The purpose of the system was 
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bo save time and teavel cosbs for "the rural pat;±ent:s and to 
ijnprove 'bhe qn^aldl-ty of t:he medical care tJiey were £Lble lio receive 
a-t the clinic close to their homes. On Its face, the system 
appeared to be cos t— effective In that the travel costs averted 
€Kxceeded the technology costs « However, the system was removed 
after the Federal demonstration funding ended* Why was the tech- 
nology not adopted? In my view there was one discouraging but 
. overriding reasons The system was not fundamentally In the best 
Interests of the technology adopters* First, the physician's in— 
terests did not lie in saving patient travel to his office. Rather, 
he decided to participate in the demonstration because he wanted to 
increase the siae of his practice, and his supervision of the rural 
clinic expanded his patient base. It was in his personal Interests 
to Increase patient travel, not to decrease it* Second, the nurse 
practitioner who initiated a teleconsultation was taking additional 
time to handle a patient she had already decided she couldn't handle 
completely without help. She could have simply referred the patient 
to the physician cmd proceeded to her next patient. Using tech- 
nology inconvenienced her and required that she learn new ways to 
deal with patients; it was not in her Interest to do so* 

. The second ejceunple is an urban health care pro:}ect. A large 
university hospital was linked via two<-way television to a small, 
inner-^city 'hospital whose patients* fees were paid mostly by 
MEDICAID and MEDXCAKE* One of several applications of the two-way 
television system was its use for detily roiinds in the small hospi— 
tal*s newborn nursery by a newborn specialist at the university. 
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There were approxiiaatieXy 500 births per year ±n the small hospital. 
The entire coats of che telecomiaunlcatlon system. Including paying 
for the university's neonatologls t^ could be paid for by adding 
910 to the bed->day charge at the small hospital for mother emd In- 
fant. Based on the large difference In bed-^day charges between 
the small hospital emd the university hospital » one would still 
have saved roughly S250 per day in bed charges alone by delivering 
the normal, baby at the small hospital, while malntalnlng...contact 
with the university hospital so that transfer could occur^ Immediately 
In those few cases In which complications arose* But who decides 
whether to adopt the technology? Xt Is the professional health care 
providers at both hospitals — not the MEDICAID department. And again. 
It Is not In the Immediate Interests of these professionals to save 
MBDICAXD money. 

Xn both of these examples the health care system would have to 
be restructured and the Incentives of Its participants changed In 
order for the technology to be adopted and the cost savings made 
possible by technology actually realized* 

There Is 2uiother health care technology, however, whose 
adoption was so swift as to be startling. I refer to the Computer- 
ized Axial Tomographic — or CAT — Scanner. There Is almost universal 
consenstis that this Is a remarkable technology that has had dramatic 
poslt:lve Impact on patient care. * It deserves to be noted also, 
however, that a CAT— Scanner generates additional Income In most of 
the radiology departments and other altcs where one is Installed. 
Xt Is definitely In the adopter^ self-Interest. 
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Wha^ do t:hese examples have to say for t:ectmology in 
education? 

Firs-t.^ I think we must look closely at who must decide to 
adopt the technology and see whether it is in thoir own self — 
interests to do so. 

Education ±s, as Dr, I,icklider observed in his paper, highly 
Xahor- intensive. Thus, it strikes me that it is not in the funda- 
mentaX best Interest of the laborers—the teachers — to rush to 
adopt labor— saving devices. The organizational atructtare of the 
educational system and the teachers* incentives would have to 
change dramatically. 

Second, there is a history of resistance to innovation in 
education, whether technology-based or otherwise, Giv\m this and 
given the enormous capital investment required that Dr. Licklider 

^has JLaid out^ it is difficult to be optimistic about the prospects 

£or a technological revoXution in the educational system* 

jBut . what is it that our Nation needs? How importax>t is it that 

a. technological revolution in education takes place? Could we 
settle for somewhat more modest and perhaps more realistic national 
poXicy goals? 

Computer 1 i ter acy for all Americans would be a more modest goal. 
By this I mean that each citizen would have sufficient knowledge of 
computers so as to be able to use them effectively, know what they 
can do and'vrtiat they cannot do, be cognizant of their potential for 
good and their potential for harm, and finally be able to think in 
algorithmic terms, that is to be able to analyze a problem into its 
component parts in a fashion that would make it amenable to 
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computerized solu^on* 

But:, "bhere would necessarily be t.radeo£f s requlred---ln tierms 
o£ Bt;uden^ t:inie« teacher energy, and capitel coste — devoted te 
aclrievlng even ^bli±a goal as against o^her educatiional goals « such 
as liradl'blonal literacy, Scnowledge of hlstery, and so on. Speaking 
personally^ X am not sure ^at we should commit; te t:hls goal If It. 
will mean -trading It for otihers because X tihlnK traditional 
literacy ls« for example^ an even more Ixnportent goal than computer 
literacy. 

Yet we know ^&t con^uters will pervade our lives and our citi- 
zens mus^ be able to deal with theana. Vihat then Is the minimum level 
of ccmputer knowledge that we should strive to make universal? X 
think I't Is <oocnputer comfortable" , 

By cosq^uter comfortable X mean "able to Interact easily with a 
con^uter**. The level of sophlslilcat^on required will vary for dlf*- 
f erent Individuals , and X think the minimum level Is likely to 
Increase as technology advances* To buy a FARS CARD In Washington's 
HETPO teday ' requires InteractJLng with a J^omputer, pressing the right 
butitensln response to step-by-step Instructions* Today's HBTRO 
rider, however, still asks- an attendant for Information 2d>out routes 
and schedules. Xt: Is conceivable that tomorrow's METRO rider will get 
this type of Information via computer lnteractit>n-^ucn mora sophlstl*- 
cated than ^the simple FARB CARD InteractJLon imlversally required today. 

As more and more computers enter homes and. work places , our 
citizens will increasingly have to use thecn to send and receive 
Infozma-tlon of all kinds. 
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Wha^ goverx^^ent. actions and lnves-tment.s are needed 1:o assure 
^at: alX of our cltii-zens became compu'ter com£ort.able? Instead o£ 
iteJclng Dr. X«lckli.der"8 ainbltilous plan and scaling it down — which 
assumes implicitly that the full responsibility lies in t^e educa- 
-tionai sector^ I would like to propose a different tack and come 
at the question from the perspectives of the user and the private 
aector « 

- First, there are important publicly supported experiments and 
demonstrations that lie outside the education system. For exeunple, 
-we at- CPB are sponsoring a TEI«ETEXT experiment in partnership with 
the National Science Foundation, tbe HEW Telecoraraunications Demon- 
stration Program, and the National Telecommunications and Information 
Administration to explore what >:indB of public sector and private 
sector information could and should be provided to the home tele- 
vision set as part of the broadcast television signal. We want to 
Jcnow what kinds of information the user will want in this form — whether 
it is information cOAcerning the availability of services for the 
elderly, health care tips, menu planning, television schedules, 
weather, or the like. 

Experiments such as this including^^television, audio and 
visual conferencing, and other telecommunications and computer tech- 
nologies are important if we are even to define what the potential 
for technology is, just as the experiments in technology in education 
were essential for defining the possible future that Dr. lJ.cklider 
has drawn so excitingly* 
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Bu^ mus^ all of investoent: come from the public sectior? 

I think the iinswer is clearly no. Major investments are being 
made in the private sector--the office of tlie future, electronic 
banking # airline scheduling, electronically delivered stock market 
information r satellite-based data coinmunications , to name just a 
few* Xn addition to capital investments # there are obviously 
associated educational investments in teaching employees and users 
how tio interact with the hardware. It is precisely these kinds of 
developments that suggest that we should all be computer comfortable 
at. some minimum level, so industry should be willing to assume some 
of the educational costs. 

Should the entire educational burden lie entirely in the private 
sector? Again, X think ^e answer is clearly no. What is the 
appropriate mix., then, between public and private investment? X 
would like to suggest some possibilities. 

Pirst, I would like to call an interesting new development 
t:o your attention* Mattel, incorporated is test marketing a new 
product called INTEIiIjIVISION that goes well beyond by now traditional 
television games. By adding a computer -keyboard , this product 
offers individualized tauc preparation, stock analysis, astrological 
forecasting, and guitar lessons* Of greater interest to the partic- 
ipants at t:his semineu:, however* this product also offers The 
Electric Company's arithmetic and spelling lessons for 7 to 11 
year olds. " INTEIXIVISION is also being test-marketed for cable de^ 
livery of the software into homes. As 3 to 5 year olds graduate from 
Sesame Street, they will be computer comfortable. 
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Wi^ou^ even realizing that they are interacting with a 
computer, amnll children will become gkilled at interacting with 
an inanimate but intelligent device , I predict that ctuch children 
^ will a c commodate easily to more sophisticated information pro- 
cessing tools as they grow up. If technologies like INTEIiLIVlSION 
become widespread r they will go a long way towrrds assuring the 
.minimum level of computer comfortableness that X eaa advocating. 

The questions for the education professionals then become: 
How can we take advantage \of.. developments taking place in the pri- 
' ' vate sector as information technologies are being adopted there? 
And, how cem, we identify and then prevsnt or ameliorate their many 
potentially hanaf ul social consequenc'is? Dr . Li cklider suggested 
many possible dangers associated y?t\A a technological revolution in 
education .and many of them are even greater if the profit-making 
private sector drives the technologies* These are dehumanization, 
propaganda instead of education # emphasis on facts over concepts, 
and » most importantly, inequity; the less-well-off are going to 
need the METRO schedule and 1;he information on availability of 
services for the elderly at least as much as the well-off will need 
them* . 

In summary and conclusion, 1 have made the •following points; 
e There is unlikely to be a technology revolution 

in education given teachers' probable resistance to 
adopting teacher-saving devices; 
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••Universal computer literacy" would be one 
possible educational goal that would require 
a substantial investment^ albeit a smaller one 
than would be required for a technology 
revolution? 

For my part, I would settle for computer 
CQmfort^lble" as a goal rather than •'computer 
J-iterate"* , given the tradeoffs with other 
educational goals that would be required and 
given what I see as the needed minimum for 
every citizen — namely to be comfortable when 
interacting with em inanimate but "intelligent" 
device ; and final ly , 

Promising developments are taking place in the 
private sector — such as cable-driven television 
learning-'-which make me optimistic about our 
chances for achieving this more modest but still 
challenging and exciting goal. 
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I>r. IxECKUDEB. Thank you very much. 

Next, Dr. Vivian Homer, vice president of program development, 
Waxner Cable Corp. 

STATEHiaiT or DB. VIVIAN HOBITEB, VICE PBBSIDEirr, FSO&BAU 
DEVIXOFMEIIT, WABNEB CABT.K COBPOBATION 

Dr. HoKNER. I am very pleased to be here today and to offer testi- 
mony. A great deal of . this is. going to be redundant. It is amazmg to 
discover that there are all these people who know the same things and. 
tend to think in the same direction on a larger or smaller scale. 

r#es Brown, m his recent book called "Keeping Your Eye on Televi- 
sion." which I highly recommend, paints what I believe to be an 
accurate picture of our changing relationship with the television set. 
X quote dErom page 41 : . 

nazzUne new kinds of television are entering tlie picture, the gifts of aji 
exploding tedinology. IndividuaUy or in coml)lnation, the electronic marvels 
that are now bidding for a place in the scheme of national and global «>m- 
municaUons could touch off a second television revolution or one that might deal 
' a severe Jolt to the existing commercial television system and profoundly affect 

the way consumers use the medium. 

Through these new deUvery systems with their special components and 
antennas, the ordinary television set may take the place of the bygone neighbor- 
hood movie house and could become an extension of the opera house, football 
stadium, library, university classroom, church, town council and «ie ho^ital 
emergency room. We can foresee these sets serving as a burglar and fire alarm 
system, a home computer and a receiving unit for electronic mall. 

it soimds like tomorrow, but it is today. It is growing. That is the 
most fundamental fact that we, as educators, must recognize, 

I've been associated for the past 4 years with an innovative, inter- 
active cable television system in Columbus, Ohio, called Qube, yhj^ 
allows subscribers to participate directly in what comes over thOT TV 
screens. They push small buttons on a small home console. Qube has 
been variously characterized in the media as **talkback TV," "partici- 
patory television," "the ultimate democratic tool" and "two-way TV." 
By whatever name, Qube is an operating business, now over 2 years old. 
Tiie*TOion"suggested by Mr. Brown is an everyday reality. The sub- 
. scribers have the choice of viewing uninterrupted movies ; watchmgthe 
OSTJ-Purdue football game without commercials ; participatmg from 
their homes in a book club discnssion of Follett's "The Eye of the 
Needle ;'!^ taking a course for credit from home ; asking and answering 
questions via the home terminal or via telephone; attending a com- 
munity planning board meeting and letting their views be known with- 
out leaTong their living room. And while they are doing any of these 
things, or even while they are not at home, the same computer thaj 
makes these video options available is monitoring burglar, fire, and 
medical alert systems in their homes. , ^ , 

As Professor Licklider pointed out in his very thoughtful asse^- 
ment of the impact of information technology on education, it is the 
confluence of computers and communications that is at the heart of 

~ "tHe^chahg^^that'we ai^B^he^ . . , -. 

In my own professional area, the use of television m education, this 
confluence has extraordinary implications. During my 5 years as direc- 
tor of research for The Electric Company at the Childrens' Television 
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Workshop. I believe that I came to understand what broadcast televi- 
sion, at least as an educational instrument, can do and what it cannot 
do. Breadth of reach and commonality of experience are perhaps 

glusses of television as we now know it-, but ultimately' I feel that 
roadcast television has two telling shoiixiomings : First, that it is a 
medium of scarcity — that is, access to broadcast time and space is 
severely limited; second, it is one-way — that is, the educational 
broadcaster can only control the audiovisual stimulus which is only 
one crucial factor in learning, I look to the emerging electronic tech- 
nology to go beyond these limitations* 

Cable technology, and perhaps direct satellite-to -home transmis- 
sion, will provide a solution to this scarcity problem, offering tens 
and possibly even hundreds of channels of program potential to each 
home as the delivery technologies become more widespread. As has 
been the case with Qube, the availability of many channels has made 
possible the exploration of new ways to bring education to people in 
their homes, with college-credit telecourses, self -instructional pro- 
grams, continuing professional education, lecture series and special 
needs programming regularly available. More importantly, the pairing 
of computers and cable has created the possibility for educational tele- 
vision to be a two-way process. 

On this one point, I differ with Professor Licklider. I believe there 
is ample evidence from research in the psychology of learning to indi- 
cate that interaction is a vital ingredient in the learning process. I 
would not recommend extensive financial resources be allocated to in- 
vestigate whether interaction is important, but only that funds be allo- 
cated to determine the kinds of interactions which are necessary to 
create sound learning, utilizing the new technologies, and to create 
and sustain environments that can maintain the results. 

In the next decade, I believe that we will see personal computers in 
most homes, iust as we now see small electronic calculators in the hands 
of everyone from second graders to senior citizens. It is likely that this 
proliferation of small computers will happen in the private sector at 
a pace that is more rapid than we will see in the adoption of the new 
technologies by schools. democratization of the learning process is 
likely to occur. Indeed, it is occurring. Whether or not the schools, as 
we Imow them, adapt their structures to accommodate this process, it 
will, nonetheless happen. People will increasingly have control over 
what they learn, and how. 

As Professor Liicklider has pointed out, and I would like to under- 
line, that in addition to considering public policy issues in an infor- 
mation-based society, the single most vital problem we face is in the 
software, the creation of appropriate learning materials for individual 
and small group use and the creation of settings in which appropriate 
interactions can occur. 

Our society traditionally is willing to commit billions of dollars to 
the creation of hardware in the belief that, somehow, the answer to 
all our problems lies in the better mousetrap. Yet, the humane use 
- of that hardware to solve our human problems has never greatly ab- 
sorbed us* 

As the ever-increasing pressures of the energy crisis and a world in 
which there are few secrets closes in on us, we nave an opportunity to 
do some intelligent advance planning. Communications will come to 
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replace many of the energy- and material-based functions of our so- 
ciety, as Professor Licklider pointed out. I believe the technology will 
take care of itself and the economics of the marketplace will see to its 
rapid spread throughout the society. But a major and sustained effort 
wul be necessary to insure quality and coherence in the educational 
uses to which this technology is put. The British open university ex- 
perience may offer us an instructive exami»le. They recognized that 
public broadcast television could bring one kind of experience to many 
mdividuals at once, and thus be very cost effective. They also recognized 
that television could not do the job alone. Appropriate print ma- 
terials, regional tutoring centers, uniform accreditation Mocedures, a 
ti^ht Hne on quality, all contributed to the success of the British open 
university. ^ 

We will need to plan similarly. We must create a pool of people who 
understand the new technologies, as well as the needs of education. 
We need to divide the learning process into those features which lend 
tiiemselves to interaction with the technologies and those which do not, 
so that learning networks can be made functional and the necessary 
roles of people defined. Above all, appropriate learning materials, 
video, audio, print, computer software, and so forth must be collated 
ajid created, and people trained to access and use those materials for 
creative problem solving. 

"Schools" need to be thought of in a broader sense, as facilitators of 
the leamine process rather than as primaiy locations for it. Like an 
extension of the open classroom concept^ educational institutions will 
need to recognize that learning occurs m many places and in many 
ways. The t£^k of those institutions will be to insure that the sequence 
and quality of learning experiences are right and that learning tor the 
individual has indeed resulted in a specified degree of mastery. 

The new electronic technologies' are likely to play a very central 
role in this evolution, as the home becomes, among other things, a pri- 
mary learning center. 

Thank you very much. 

[Applause.3 

Dr. 1jickIjJX>er. ThEink you very much. 
That was very helpful and very good. 

Next, we have Dr. James Johnson — ^who has the only university 
job worse than that of dean — director of academic computing, at the 
University of Iowa. 

STATEMENT GF DK. JAHBS JOHNSON, DUtECTOS, ACADEMIC 
COHPUTINO, TJNIVEBSITY OP IOWA 

Dr. Johnson. It's a pleasure to be here to address this audience and 
this distinguished panel and the Members of Congress. 

I was gomg to warn you that I am part of the enemy, being from a 
computing center. I think that I have something on my wall that says 
that every faculty will gladly hang their computer center director- 
if only they could agree on the time. 

I ain not totally the enemy, however. I guess that the work I am 
the proudest with is my work with CONDTJIT, which is an effort to 
disseminate computer-based instruction materials in higher education. 
Today, my focus wiU be on higher education. Since I am an enemy, 
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I'll wear the computer center hat rather than the CONI>UIT hat. 
First, in terms of talking exclusively on hi^^her education, I think 
things are quite different there than they are in the rest of edxication. 
In higher education, technology is not widely used in instruction 
today. 

In fact, in a survey that we did a couple of years ago, we found 
something like 60 percent of the departments of biology, mathematics, 
physics, and chemistry made no use of the computer in undergraduate 
instruction at all. Where the computer is used in instruction, 40 per- 
cent of the time it is as a tool or object of stud>. It is not used as a 
delivery mechanism for instruction ; it is used to teach programming ; 
it is used to teach data analysis: it is used in information searches. 
But it is not widely used in instruction. 

Nevertheless, I would like to say that, in the next decade, use of com- 
puters in higher education is going to increase dramatically- The rea- 
son it is going to increase dramatically probably doesn't have much to 
do with instruction. I think that instructional use will occur through 
the back door for reasons that I will mention later. 

The reason growth will occur is that, first, it falls on higher educa- 
tion to train people for use in industry and to develop new research 
techniques and new methods- Speaking of the training business, I don't 
think that is necessarily what a college or university ought to be doing, 
but they are doing it. We produce people that have to go out on the 
first day and be a teacher. We do produce people that, supposedly, walk 
in and they suddenly can be nn engineer after thev leave their institu- 
tion of higher learning. I think that the rest of the economy is going 
to put very heavy pressure on higher education to train the people in 
using computer technology. 

There is another reason why computer use will increase dramatically. 
Unlike elementary and secondary schools, attendance in higher edu- 
cation is voluntary. It is a decision that is made by the learner — so, 
the focus can be on the learner, not instructor, when you start talking 
about change. A person can choose to go to school or not go to school. 
There is a very great concern in the schools of higher education today 
about the fall of enrollment. Part of that is due simplv to demographic 
data that says that there will be less students of college age. A lot of 
that is also because of the loss of confidence in the colleges and uni- 
versities and a lower propensity of students to go to college. Students 
are going to demand new technology, and colleges are going to" have 
to provide it. 

The other thing that I would mention is that the colleges and uni- 
versities have a great deal of competition in research. In one way, 
shape or form, research results are measureable. That forces instruc- 
tors and researchers to go out and get the funds or to find the money 
to provide themselves with the latest technologies so that they can keep 
competitive and current. 

Tvast, but not least, in higher education, unlike elementarv and sec- 
ondary education, people can get computing bv themselves. You can go 
out and buy 15 Apr>fes. ps noted in nn earlier talk; it seems that 
every laboratory in the University of Iowa has a microcomputer. It is 
for data gathering. So computer technology is there now. A lot of 
estimates of computing on the university campuses point out as little 
as a third of the expenditure is actually explicit. That is, only a third 

134 



130 

o£ ifc sliows up in the budget for computing. The rest of it is hidden 
away in departments and in departmental purchases, and so on down 
the line it occurs outside the system. 

What does this all mean? I'd like to say that the cost would be de- 
creased for computing, that we would spend less money on computers 
and cover all this dramatic increase because of the technology that is 
chaoiging or because we have increased productivity. I think comput- 
ing costs are going to incirease in higher education very dramatically 
as^welL .; 

I<et mie give you one example why I think costs will increase. A lot 
of people in engineering today are saying that we ought to provide 
our students wim computers for computer-assisted desi^ capabilities. 
That is an exceedingly expensive resource. It is well justified if you 
ar-ss a t Greneral Motors designing an automobile or at Boeing desiring 
aircriaf t, or if you are in an architectural firm. You can justify it be- 
cause you get_your car on the market sooner. It takes less time for 



development. But, in education, if you introduce this, what cost have 
you reduced ? You'vei reduced none. It is an add-on cost. It's an increase 
m the cost of doing business. It is an increase if you want to provide 



that. There is no corresponding increase in productivity to the educa- 
tional institution itself. There may well be to society. I think that this 
is one reason .costs will increase. _ 

The second reason for higher costs is, if in fact we do mcrease the 
use of computers in instruction, there is ^ing to be a heavy startup 
cost, no matter what. As an investment, this requires capital BJid labor 
expenditures initially that will gaiii saving over their life. If these 
returns take a decade, the investment toda^ is not going to give us any 
cost savings , in the next 5 to 10 years. We have no mechanisms for 
self -investment. . 

A third reason why the cost of computing will increase the cost ox 
higher education, is simply that the structure of higher education 
changes. Business schools and computer science departments are grow- 
ing, and the schools of art aria declining. In commuting you have to 
increasingly compete for the faculty members with the outside, so 
it i^ very difficult today for a school to hire a computer scientist. It is 
also very difficult to hire someone in the business field with an informa- 
tion science background. When you hire them, you pay them twice as 
much as a professor of mathematics. It is caused by the outside com- 
^ petition for skilled levels. That also inci-eases the cost of doing business 
by increasing the cost of faculty in information areas that are 
expanding. . 

Finally, in terms of increasing cost, we start talking about accessing 
information throughout the world rather than locally. Then that sud- 
denly becomes an external cost to the institution ; thev must take money 
out of their pocket and pay somebody with real dollars. There will be 
some cost saving but on balance we will have greater resources at 
greater cost. Heretofore, most colleges and universities have been rel- 
atively self-contained. Not much money has gone off the campus. To 
~ db^something hew w© have the faculty work an extra; 4 hbiirs. The 
external aspect of having to go out and get resources from other places 
rather than from a "free" labor resource or a cheap labor resource 
will increase the cost of education. 
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— ^I-believe that this is all going to occur. I bel ieve costs v/ill increase 
whether the Government allocates funds at alL What is ^^oing to have 
to happen is that the colleges and universities are going to have to 
cope with the increased costs that they dedicate toward information 
technology^ How are they going to cope with that increased cost? 

Firsts they are going to have larger courses; larger, larger, and 
larger courses. I see this happening time and time again. 

The second thing that is going to happen is that there is going to 
have to be more specialization within the institutions. The single imi- 
versity that tries to be all things to all people is not going to be able to 
survive in that mode. Increasingly, colleges and universities are going 
to have to then specialize. Some will produce the engineers. Some will 
produce the doctors. Some will do something else. This is simply be- 
cause not every institution will be able to make the large investment in 
the people and equipment necessary to provide a broad-based 
education. 

There will be other cuts. There will be cuts in the arts ; there will bo 
cuts in the lan^iages ; there will be cuts in history. Because the money 
is going to go into computing. 

Finally, administrations will institute electronic offices to get in- 
creased productivity in the institution to lielp fund what we wilfspend 
oh the^ new technology. We will also save costs in instruction. We will 
make it cheaper to instruct students. I think that this is going to hap- 
pen by the use of the information technology itself. I don't think the 
results here are necessarily going to be good. We are going to imple- 
ment the worst example of computer technology to solve our problems 
very quickly by reducing costs. We will put in the computers to help 
students pass tests and we will forget about whatever else is going on 
in the educational process. This may seem pie in the sky. but it has 
happened. It is happening right now. 

At the University of Iowa, there is a course in medical terminology, 
Latin and Greek. It has virtually no instructor and no class meetings. 
It is all computer-assisted as an approach there with testing at the end. 
They run something like 200 of the students a semester through that 
particular course. This may be appropriate for this course^ but is it for 
Jail? 

ILast^ but not least, we will finance the new technology with higher 
tuition. I think that all of these things have a potentially disastrous 
effect. 

On the other hand, can we delay the application of the new tech- 
nology? I don't think we can. I think the biggest crisis that we face 
in education generally, specifically in higher education, is loss of con- 
fidence. Employers are mad at us because we don^t train people the 
way they want them trained. Students get mad because they 
canjt get jobs. Most importantly, the educators themselves are 
sitting back and saying, "We're spending all this money for computers. 
What happened to traditional arts?" I think that this loss of confi- 
dence becomes serious. It goes much beyond education. 

I get particularly irritated when I go to my kids' school. I think a 
lot of you do as well. We have a computer in our house. I think that 
wc have a vei^y rich learning environment. I go to work and find office 
automation and word processing systems. I have a terminal on my 
desk. I walk into my kids' school and it looks like it is something out 
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of the 19th Century. I say, "Why can't we do any better than this?" 
Maybe I!ve got it wrong. 

One thing that I've been doing for the last month is taking every 
jassignment or exercise given to my children and putting it on a pev- 
isonal computer in my house. This is the easiest and most trivial ap- 
plication of iristrnuctional computing I can think of , but it is the level of 
what is done. So much more is possible. I think that we all feel this way. 

Then we start asking questions. We start saying, "Well, couldn't we, 
as a imiversity community, spend more money on education? We can 
go Out and vote and spend niore monCT on education?" What happens 
wien? The state say spend any more money on education." 

We hfiive equaliisatioii. laws. Every district has to spend approximately 
the same sum of money. If you want to spend more. State aid then 
goes down. There are a lot of pressures to prevent you from making 
chanjges. This reflects on our Government because education isperhaps 
one of the first places where we &11 deal with government. This is a 
very serious personal concern that I wanted to ^ai^ with you. 

I was i going to say something about long-term impacts- I won't. I 
thiiik it is inost appropriate in talking about the long-term impacts of 
computing to not have computer scientists Or economists talk about it, 
but to have artists arid poets and n<jTOlists. TJnfortxmately, if we keep 
going the way lliat we are going, we are not going to have many 
artists, poets or novelists to t«S us how t hi ngs are going. 

The point I did want to make about the long term is we no longer 
can project from the past in talking about the future. Enough forc^ 
are coming together such as computing and com m u n ication, and 
(enough things are against the grain of what has happened over the last 
century, that we are talldaig about a total discontinuity. What is 
a^inst the gi£,in is that we for years moved to mass culture, mass 
production, urbanization arid centralization — ^weU, read the new book 
that is called "The Third Wave" which talks about the movement to 
the electronic cottage and what potential that has for fragmenting 
our society "and for changing trends. It is not a straight-line projec- 
tion from the past. 

Well, I think my time is up. 
ThauJc you very much, 
rAjjplause.T''" 

[The complete statement of. I>r. James Johnson follows:] 
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In trod uc tion 

Information technology can potentially provide us with the 
tools to greatly expand our. intellectual productiv Ity , It also 
has the po ten tial to reshape our basic social insti tut ions To 
date it is widely used In industry and governmen t to enhance the 
capture, transmission/ and analysis of data and to allow the 
design and production o£ a wide Variety of customized products* 
But. information technology has done little to change the 
character of these institutions. Ironically in education where 
information is the essence of the process, its impact has even 
been smaller; outsiJe of a few areas of research where it has 
changed modes of inquiry and a few courses a£ instruction where 
it is the object of study, information technology lies as a 
sleeping giant. 

Despite the relatively mild impact of information 
technology to da te many^'studen ts~o f "society" and 'technology are 
convinced that it is an irreversible force to be shaped, adaptec*.^ 
and har/nessed, but not to be stopped* Many patterns are now 
eiQt^rg ing that point to significant qualitative changes in the way 
we think and live. Thus, there are two" challenges to* face. The 
first is to effectively use information technology in our 
educational institutions to improve the quality of education. 
The second is to anticipate the long— term impact of the new 
technology so that we can face today's decisions with the future 
in mind . / 

The short— term impact of the new technology on education is 
relatively easy to discuss* We can make qualitative predictions 
about the future; computers will be 32 times more powerful, 
several million homes will have information communications 
centers. It is much more difficult to assess the meaning of 
these changes a,nd their impact on our social, political, and 
economic institutions because quantitative predictions look for 
continui ties; they are projections of the past* Qualitative 
Ipj^ed ic tions look f or_ di^cpntlnui ties— —things ^ tha t are chang ing , 
n"ever to be the same. The trick is to iden ti fy which of the 
myriad chang es f 1 1 . in to a pattern and make them harbingers of the 
future* perhaps this is a task best left to novelists, poets, 
and- artists* 

Although I*m not an artist nor a poet, I think x can see 
some pa tterns emerg ing that suggest dramatic changes in education 
and society in general* But my view is limited because it is- 
focused on higher education and because it is colored by an 
orientation toward computers and communications technology. 
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The Shor t^ r rn ^ Impac t 

The Present Sltuatibn 

The' impact of the new technology on education over the next 
five to seven years is best seen by looking first at the current 
.situation. The use o f . information technology at ail levels of 
education lags. far behind' its use in industry. In higher 
education, for example, computer technology is seldom used for 
teaching, d rill and practice , or simulation. When used, it is 
used to teach prog ramm ing , analyze data, and solve quantitative 
problems. Even here, where there is little debate about the 
.value of technology, use is such that about 60% of all science 
departments report no use or infrequent use of computing in 
undergraduate instruction. The clear result is that students are 
V not being taught essential skills that are required in the post- 

baccalaureate world. Because the application of technology is 
cumulative, this gap is likely to increase in the next few years. 

Why there. is a serious lag in using the new technology as a 
tooX to solve problems in education is illustrated by computer- 
aided design. Computer-Raided systems for the design of ships, 
aircraft, automobiles, elec tronic c ircui ts , and the like* greatly 
reduce the* time and effort necessary to produce a prototype. 
Consequently industry can justify using expensive hardware and ^ 
software products and paying high prices for those products; a 
mul ti— mill ion dollar system used by a few engineers is not 

unusual -Since -computer— aided design systems have revoi ut ioni zed 

the process of designing products and almost eliminated the 
drafting board, there is a demand to include computer-raided 
design in the university engineering curriculum. To support such 
a system would cost several thousand dollars for equipment per 
student. There are? few balancing cost red uc tions • This problem 
is repeated over and over again in several d isc ipl ines , in 
research as well as teaching. ^ Xf, for example, we provide a 
' ]' researcher wi th an ' elec tronic office that results in greater 
research productivity, few additional doll.ars flow to the 
institution as a result of that productivity. The problem. here 
is not one of incentive or inertia but lack of funds. 

Using information technology as part of the learning 
process itself i& more complex although it does promise cost 
displacement. professor Licklider has more than adequately 
addressed this problem for all levels of education but let me 
underscore the importance of incentives, software, and knowledge. 
There are few incentives to improve teaching even if we could 
measure its improvement. Software that goes beyond a trivial use 
of the technology is lacking, and it is unlikely that the private 
sector will produce it. Also the knowledge base necessary to 
apply the new technology to learning has yet to develop. This 
gap should not be surprising; after twenty years we are just now 
beginning to understand and improve information structures and 
programming activities. 

Changing the Situation 

Within existing insti tut ions of h igher education there are 
several things that can change the present situation. In some 
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areas such as eng ineer ing where incentives now exist to use the 
new technology'^ funds for equipment or gift incentives are 
needed* If we assume that the current base of computing as*a 
tool must be doubled^ the bill is about 500 million dollars a 
year for higher education alone. Research is generally 
responsive to grant opportunities and thus can be directed toward 
use of the new technology across several disciplines. 

The use of the new technology in instruction is a more 
d if f icul t probl em • Here incentives for change are slight, and 
where they exist there is a need for training, software and 
equipment. To meet these needs people involved with the new 
technology need to spend about one-fifth of their time in 
education and training for teaching. The bill would be 1 to 2 
hillibn dollars a year for higher education alone, assuming 
equipment and incentive exist. 

In the next few years the new 
the cost of doing business* In the 
^ offsetting costs because it will be 

economic benefits will be realized, 
an investment with exceedingly long 
mechanism for investing in itself. 

Results of New Technology 

In looking at the short— term impact of the new technology, 
I.'m assuming , that* educational insti tutions must employ the new 
technology as a tool and as an object of study. These uses will 
occur in higher education because those schools that don* t use 
the new technology will find it difficult to attract students and 
researchers, par ticularly in fields that require high technology* 

In the shorts-term the new technology is likely to be -quite 
disruptive to all of education and particularly higher education. 
Colleges and universities face increased costs of education in 
providing their students and researchers with the tools of the 
,^ - TT' new technology. To the extent that new funds are not available, 
resources roust come from cuts in other parts of the institution. 
The results may be larger classes; more specialization in fewer 
courses of study? fewer faculty In the arts, languages, and 
history; and higher tuition. There also may be a drive to use 
the new technology to reduce clerical and instructional costs. 

Because these changes will be painful and not always wise, 
they will be resisted. This resistance, along with the lengthy 
time needed to effect changes in what is basically a political 

• institution, wil.V add to loss of confidence in higher education. 

Employers will be d ismayed about lack of skills of graduates, 
st.udents will find it difficult to get jobs, and newl y emerg ing 

... : . . compe ti tors^ will cbnv ince-some-people - that they can educate 
better with the new technology. Educators themselves will 
correctly question whether all this emphasis on "technology 
produces better people. 

This loss of confidence in educat ional institutions is more 
pervasive and serious than most peopl e r eal i ze . Wi th the new 
technology the private sector has entered the educational market. 



technology simply increases 
short— term there, are no 
several years before the 

It is ironic that education , 
returns to society, has no 
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and no one has yet devised a better system for disseminating 
innovation than our market— based system. The family with a 
personal computer, a video cassette player, and access to 
information banks throughout the country is going to wonder 
whether they can provide a better education than the school 
system. And so will the family that can't afford these things* 
Since education is for the most part a public good provided by 
government, this loss in confidence will not likely be restricted 
to schools. 

Long— term Impact 

Beyond the near term, the new technology promises 
significant changes in our institutions over the next generation. 
Changes in education will reflect the broader societal patterns 
of change*' 

In Society 

The common feature of all the new technologies is that they 
put more power and control Into the hands of individuals* 
Videotape cassettes, community communications cables, information 
utilities,- telecommunications, videodiscs, and personal computers 
give individuals a much greater choice of the content, place, and 
timing of information flow. Such devices offer the possibility 
of personal interaction and can be customized to an inr;^ iv idual ' s 
style. - They are a force that opposes the established nrends of 
mass culture, mass production, mass communication, and 
urbanization* If this new force is combined with the trend 
toward having the work force deal with information rather than 
materials, our activity centers can be located anywhere. The 
leading edge of this change is seen in the growth of population 
in the sunbelt in recent years, made possible because modern 
industry does not need to be located near its source of raw 
materials. Because of mass communication it*s no longer 
necessary to live in a major metropol i tian area to be aware of 
the latest fashions, news, and culture. This shifting of our 
population is likely to be accelerated in the coming yearsl 

The next step will be to move the workplace to the home or, 
as some have called it, the "electronic cottage." If a 
significant portion of our population is able and willing to work 
at home the whole economic, social, and political fiber of our 
society will change. Some industries such as the auto and oil 
industries will decline; others such as commun icat ions and 
electronics will thrive. Communities will become smaller and 
governments may become more fragmented. 

In Education 



The increased importance of information and intellectual 
activity and the need to help people adapt to change places a 
heavy burden on education. Not only do we need to teach new 
skills to new groups of people, but we need to teach with the new 
technology. Education will constantly need to balance new needs 
against its traditional role of transmitting our culture to new 
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generations. Education will be more crucial, and but it will 
come in a variety of forms from a variety of sources. 

In education these long— term changes will be noticed first 
in colleges and universities because they are voluntary and 
centralized. (In many ways the size of the market makes 
elementary school a better target, but here we are likely to have 
alternative schools rather than new structures.) Colleges and 
universities will produce more courseware and perform less 
instruction. Measurement and testing of educational- 
accomplishment will become critical. Resident programs will 
become highly specialized in institutions and perhaps more 
elitist in selecting students,, Credit through testing will be 
common and will open the way for the private sector to provide 
education as well as training « The questions raised by these 
chang es will be many and se r ious • The answer s and the questions 
aren* t now known, but if the past is any indication we will learn 
considerably more about education than we know now. 



Co nc 1 us i o n 

In the short run the nation needs a massive effort to 
educate people to use new and existing information technology. 
The cost of no t doing so is lower productivity, higher training 
costs in industryr government, and the military, and loss of 
confidence in o ur . ins ti tut ions , The cost of upgrading use of 
Instructional technology will be several billion dollars a year 
for higher education alone. This effort will be disruptive as 
costs are cut in other places to meet the new needs. 

Long— term changes resulting from the new technology are 
likely to be sweeping but their exact impact is almost impossible 
to assess. For every desirable turn things could take, there is 
at least one undesirable outcome. We could have the most 
productive, egalitarian, free, humane society ever imagined by 
man, or we could be reduced to an undisciplined, fragmented, 
selfish group oZ individuals. 

What can we do about something that is difficult to 
predict? Minimally there must be a constant asssessment of the 
impact of the new technology on education and society and a 
public pol.icy — f or— dea -Ling— wi-th— resulting changes. Quite simply 
the potential for change is so great that we must become more 
future oriented. More ambitiously we need pilot studies to 
assess the impact of the new technology before it occurs widely, 
and we need a better measurement of what we are doing now so we 
can properly assess the impact of change. 

The future of education, and indeed of our "society, demands 
that' we make the effort to channel the tremendous potential of 
the new technology to humane ends. 
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Dr, XiiCKXiTDER- Thank you very much* jNTow comes your chance, the 
chance of you participants who have been waiting impatientljr to par- 
ticipate, I think that I will remind you that the rule is first to identify 
yourself— give your name and your affiliation. Speak clearly because 
the acoustics are not the ultimate in this room* 

VDr. BoKK. I am Alfred Bork, Educational Technolo^ Center, Uni- 
versity of California^ Irvine. I think that I would certainly agree with 
the fact that many speakers have focused on the problems of cur- 
ricijium deyelopnient. That is, if we are going to move into any of the 
.types^pf-^futiires^^^^ t projected, we are going to need consider- 

able development of cuixiculum material. Arthur Melmed started with, 
that and it has been the theme of many of the other speakers. 

The qu€^ to raise with people is what are 

our chances of obtaining extensive funds for curriculum development, 
either through the Government or through some sort of combmation 
of Grovernihent and commercial concerns? The truth is that,^ after 
the very large push in developmental activities that happened in the 
sixties^ the Federal Government aim from it. There were 

reascais for tihat. There ^^^^^ developments that got severe criticism 
in the Congress. There were other developments Uiat misjudged stu- 
dents, and so forth. I think that we learned something from that. It 
does seem critical for the future that we have some coherent develop- 
ment of--full courses that involve a computer integral component 
and involve all the other, types of technology that have been talked 

a bout . 1.. . 

What are our chances of persuading the Government that this is 
necessary? 

I>r. IiroKi;roER. That's certainly a good question. I don't knoyp 
whether there's going to be a good answer. The floor is open to one if 
there is one. ; 

[Pause — no response.] 

I>r. Ijicklider. I think that the ball has been pitched but neither hit 
nor caught* 

. N'ow, the gentleman in the fourth row is next. . . o. r i 

Mr. Levt. My name is Allan H. Xievy^ University of Illinois, SchooJ 
of Clinical Medicine, TJrbana, 111. I wanted to ask a question about the 
increasing confluence between communications and computers. I have 
some modest familiarity with the PI/ATO system, I am currently 
looking at it in terms of the medical community. There is a very wide- 
spread use of the PLATO system. 

W'e've seen the emergence of a community of students and some fac- 
ulty who talk with e£Lch other around the country on topics such aS 
' the role of women as a gynecologist, and other matters relating to so- 
cial medicine. I have some difficulty now in persuading some of my 
associates that this, essentially, is an important part of the educa- 
tional process. 

I wonder if there are any ideas as to how we could evaluate the 
effectiveness, in professional education, of what I see as a tremendously 
useful tool in professional development ? 

Dr. Ijtckuder. I knew it wouldn't be long before we had a call for 
an evaluation. X think the education field has learned to ask the ques- 
tion: What percentage of improvement does this provide? Even be- 
fore the question, how much does it cost? Are there any ideas about 
evaluation? 
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Dr. Horner^ I've been involved, over the last fevsr years, with several 
attempts to use cable television for continuing professional educa- 
tion. There are some efforts to get a continuing educational channel 
up on the satellite, such as professional education. I think, probably, 
th e re al question here is one of convenience. 

While the PLATO system is a highly sophisticated means for con- 
necting people with one another in a professional sense, I think it isn't 
so much a question of is this valuable or not. It is really a question of 
whether you can get done what you need to get done and learn what you 
need to learn, and get properly accredited for it. 

Without any evaluation there are professional groups moving into 
the accreditation of courses taken in this fashion. The American Med- 
ical Association will be in fact giving continuing education or units in 
continuing education acquired in a variety of ways. So, on the question 
of convincing your colleagues — if they find that, instead of schlepping 
out two nights a month for continuing medical education in a city 
that is 35 miles away, they could stay at home and do the same thing 
and be pi'operly accredited — it will happen anyway. You won^t have 
to convince them* 

I>r. LiCKLmER. Thank you. Go ahead, Maxine. 

Dr. RocKOFF. Just one additional comment. 

In evaluating the technology it is important to assess who pays and 
who benefiits. Again, using exami^les from the medical system, if a 
system is cost effective from the point of view, say of Medicaid saving 
money, and if the people that have to use the technology are not, them- 
selves, motivated oy saving Medicaid money, then that becomes a 
barrier to the widespread adoption of the technology- It is important 
in the evaluation to look at who is paying for the introduction of the 
technology and who is benefiting from it. 

IVEr. Seder. Harold Bedei^ Rutgers University. A lot has been said 
here today, both implicitly and explicitly about how educational tech- 
nolo^r is going to fit into the educational system. Little has been said 
as to how educational technology may, in fact, change that system. I 
am very interested in asking Dr. Licklider, regarding the Cheryl sce- 
nario, what purpose the public schools, as constituted today, might 
play in the scenario? It seems to me that Cheryl could do her thing 
in her home, the local library, or virtually anywhere, as well as in 
something called a school. 

r>r. Ltckltder. I agree there certainly is that potential. I think, how- 
ever, that there has to be a lot of social support, including face-to-face 
social support, in order to get those things going. I believe in the dis- 
tributed intellectual community, in the idea of working groui:)s distrib- 
uted around the country — but I think that they have to have some 
face-to-face ineetings first in order to get acquainted, to establish rap- 
port. Otherwise, the thins may never get off the ground. 

T think that the school is a pretty good place for all of this to hap- 
pen. I suspect that if the school is not receptive but hostile, and if the 
technology really does prove to work very effectively, then there will 
spring up commercial schools that will be somewhat exploitive, but 
will give to the affluent students an opportunity to take advantage of 
the technology. I have the f eelincr if would be bad for society to have 
an inequity in the distribution of educational technology. I think it is 
only a third possibility that the application of information technology 
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i^;-Wdiica1don^^^c^ place in the home. It is so obvious that the 

>Hpme' "iisb ' of elebtroid amusement, entertainment, and 

•giBunes, It. oiily^^^ to education. The school has a 

tiSEunendous ^a^ off at least with the established 

' pui^jose of educating peopled ■ 
.yJDr; J^^ is any question about that. I think 

this IS true I think what was touched on a minute 

ago is that the whole idea of the certification and jsrrantin^ of degrees, 
;is criticid to the w testing and the contro- 

yexsyrsvOT very important. What we do in higher 

^ ediicsiti that we control the accrediting process 

? told the :degree-granti^ minute you take the control out 

■■of -the hajids ;of €^ a continuing education credit or 

college; equivalent c the option for the private 

swtor- to enter the market or for people to do it on their own at home. 
I^ think -tha^ of higher education. We will be 

l^s deHverers of instruction and more producers of instruction. 
P Th^re is £^ to do about changing some of 

tiie law^ atnd regulations that govern activities of nonprofit organiza- 
"tiolns/in teri^ is, if we will tackle this 

r problemi.' ^ 

Ms.' Sta<^^ I am Dania Stager-Snow, Graduate School of 

Edticatioii, Rutgers IJniversity. Cultural diversity was mentioned, and 
it is implicit in many of the messages. Dr. Horner mentioned democ- 
ratization, but>I do hot see that democratization will occur across 
classes. I feel that techii increase the gap between lower and 

Tipper classes. I feel that I>r. Johnson also is dealing with that when 
he talks alx>utjwtcess^j»st. My real concern is how is the technological 
revolution going to handle culture It is not a question that 

is easy to, or that I e2cp<^ct yon to answer. 
^ ' raise was to get that sort 

of r^iponse from you and other people. I'm very concerned about the 
fact ti&at; I deliver a large portion of the education for my children in 
my Home, i have much greater capacity to do it than a lot of other 
people. X think that is a critical problem. ^ 
• I think when people talk about adding diversity they ai*e simply 
saying that tluLS teclmology allows for greater individualization of 
what you're doing. I think ttiat is clear. _ 

Now, how we extend those benefits to all sectors of society is another 
question. I can't answer it^ I hope to raise it. I am glad at this time 
that you are responding to it. - , - t.i t 

Dr. LacBLdOEB. Thank you for your treatment of this problem. X am 
gliad it was definitive and conclusive. 

Wo have now come to the time when we return to Congressman 

Brown. 

Mr. Brown. Thank you very much. . ^. 

Fortunately, there will be an opportunity to explore the f ascmatmg 
issues further in smaller groups this afternoon and tomorrow. I am 
really looking forward to Qie results of some of these discussions. 

Before we break for lunch. Dr. Ostenso has a logistic announcement. 

Dr. OsxENSO. Thank you, Mr. Chairman. 

Dr. OsTKNSO. Thank you, Mr. Chairman. There is a change m room 
assignments for two of the discussion groups this afternoon; for 
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Group No. 1, elementary-secondary education, the room number has 
been changed to 2218* Group No. 3, special education, will meet in 
room 2325* 

Thank you, Mr, Chairman. 

Mr. Bkown. Thank you* 

At this time we wiU break for hinch. Lfimch will be downstairs in 
this building in B— 338. It is easy to find. I will look forward to seeing-- 
yott there* 

Thank you very much. 

[Following a brief recess. Representative George E. Brown, Jr., 
chairman of the Subconunittee on Science, Research and Technology 
presented the following remarks at the seminar limcheon i} 

Mr. Brown. May I nave your attention for just a brief period of 
time. You can continue eating. See if you can eat silently. That's al- 
w^s a challenge ! 

I, xmfortunately, have a commitment to attend a meeting of the 
Technology Assessment Board and I will have to leave shortly. It was 
my intention to make a fairly brief after-lunch speech to welcome you 
here and to indicate some views about the importance of the proceed- 
ings that we are involved in. I think that all of this goes without say- 
ing after the very stimulating and challenging morning session that 
we had. 

I do want to, very briefly, tell each of you how much I appreciate 
your taking this time out of, I am sure, a very crowded schedule, to 
be here to nelp us in the Congress to appreciate the complexities of 
this very important problem of the impacts of converging technologies 
in computers and communications on the field ot education, very 
broadly conceived. .As I listened to the speakers this morning, I am 
sure that tihey all have a broad concept of an educational community 
in which the schools play the larger part, but, by no means, the ex- 
clusive part, as we move mto a postindustrial society. Congress is just 
beginning to wake up to the importance of this. 

We have here with us today some of the Congressmen who will be 
introduced to you after lunch. You will then not have to eat silently 
to listen to them. Senator Schmitt is here, from the Senate side. He 
has played a very key role in a number of important areas involving 
technology, including this one. 

Congressman Van Deerlin, chairman of the Communications Sub- 
committee, is also here. lie is trying to grapple with the policy prob- 
lems that are involved in the regulation of the communications indus- 
try. He might tell you how difficult, the policy issues are in that area. 

There are other members here. I haven't ha^d a chance to see exactly 
who is here, but they will all be introduced to you after lunch. 

The point that I am trying to make is that we are beginning to real- 
ize that we face a technological explosion which will have impacts in 
a number of vital policy areas. They were just brought up and just 
touched on this morning. They are issues such as privacy and democ- 
ratization of this technology, its effectiveness, of how various parts of 
the spectrum of technology will be divided between tlie public and pri- 
vate sectors, or various parts of the private sector. These are issues 
which we do not have answers to. We are hopeful, not that we will get 
the answers dFrom all of you, but that you will help us to define the 
questions and indicate some possible options that we may consider. 
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As far as the work that is going on here^ any Member of the Con- 
gress involved will tell you that it is an ongoing process. It will take 
considerable time. Lionel Van Deerlin has been involved for several 
years trying to come up with satisfactory solutions to rewriting the 
Communications Act of 1934, which was written before the satellites 
and before most of the technologies that it purports to regulate were 

ineadfitence. ^ • i.- ti 

In my own subcommittee, where we deal with esoteric thmgs like 
the space program and all the fallout from that, and energy, re- 
search, and development, and a number of other things — I can as- 
sure you that information and its impact on society is moving 
to the top of our priority list. ^We will be involved in it for years to 
come. As a matter of fact, the meeting that I am going to, the Tech- 
nology Assessment Board, has several major projects involved in try- 
ing to assess the impacts of just small portions of this — electronic mail, 
for example, or computerized criminal systems. They expect to have, 
later in the year, so^^ae preliminary reports in these areas which will 
feed into the process and help us to evaluate the policy options. 

So, this is the challenge that we have to try to put this tremendously, 
rapidly expanding, complex field into some perspective that will allow 
us to grapple wiwi it in a coherent way within institutional systems 
which are not used to grappling with things in a coherent way. They 
prefer to grapple with them piecemeal and put them off as long as 
possible, l^at is the kind of situation we are in. We want you to share^ 
some of the sense that we have of its importance and to contribute to 
thi^. solutions. 

X want to welcome you here in this challenging task and to again 
express my appreciation and my hope that you will feel that your ac- 
tivities over these next 2 days will have been as worthwhile as I 
already feel that they have been. 

Thank you very much. 

t Whereupon , at 1 :07 p.m., the subcommittee adjourned, to recon- 
vene on Thursday, April 3, at 9 a.m. in room 345, Cannon House Office 
Building] « 
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THXnEiST>AY, APKHi 3, 1980 

iSousB OF Representatives, Committee on Sciencse ani> 

TEOHNOIiOQY, SXJBCOMMXTTEE ON SciENCE, RESEARCH AND 

TEOHNOiibaY; and the Commxetee on Edtjcatcon and 

XiABOR, SlJBCOMMlTTEE ON SeCECT EdTTCATION, 

^ ^ " ' ^ WasTdngtan, D.G. 

' The subcommittee met, pursuant to notice, at 9 a^m., in room 345, 
Camion House Office Building, Hon. Greorge E. Brown, Jr., chairman 
of the Subcommittee on Science, Research and Technology presiding* 
Mr. Bhov^n. The subcommittees will come to order, and this little 
meeting will come to order* 

/We are going to proceed this morning for the first hour and a half 
with a couple of presentations, and I hope a httle more adequate time 
for questions and answers after the presentations, and then we will 
break up into our smaller discussion groups. At about 10:30, we will 
have to vacate this room temporarily. 

I want to welcome all of you agam. I thought we might have lost 
a lot of you overnight* Wa^ington is very easy to get Tost in, but I 
see most of us are here, and I hope the day will be another productive 

- Hiet me make again the announcement this morning that we have an 
interpreter for those who may have hearing handicaps, and if there 
ar8 such, we would invite them to come down to the front of the room 
where it might be a little easier for them to understand the proceed- 
ings, and if we don't have anyone, why, possibly we won't need to 
have the services of the interpreter. I am not sure. 

Our first speaker this morning is Dr. Charles Mosmann, who is 
associate vice president for academic resource planning at California 
State University at FuUerton. He has previously been associated with 
the University of Cahfomia at Irvine and has a broad background 
in computing and related problems which I won't elaborate on. 

.1 will merely note that Dr. Mosmann apparently took his doctorate 
in philosophy— I am not sure, but he might be able to clarify that. 
This is a welcome change because most of the people I run into in this 
field are physicists or computer scientists or electrical engineers, and 
I have always felt we ^ould have an injection of philosophy into this 
because it has important contributions to make. 

Tn any event, I am looking forward to hearing from I>r. Mosmann, 
and we welcome him here this morning. 

(143) 
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: SXATEMENT OF DB. CHABLES MOSMANN, ASSOCIATE VICE PKES- 
XDENT, ACASEmC^ FIANNINO, CAUFOBNIA STATE 

UHl VEBSIT7, FUIXEBTOH 

jyT^ /^q^^ you for those words of introduction, 

: M 

Perhaps I should explain, I got my doctorate in philosophy. I had 
: r'd^ as a philosopher. A friend said he 

thought I could fake it as a programmer xor 6 months because a 
/ doctorate in philosophy would enable me to fake almost anything for 
: half a year. That was 20 years ago. ^ 

Mr. Brown^. Even in an earlier generation, about 40 years ago at 
tJCIliA^ all the philosophy fakes would have to have had a background 
in mathematics or physics^ I assume, because that would make them 
employable* 

]Dr* MosMANN* I have been asked to talk to vou this morning about 
our capabilities for evaluating new educational technologies and about 
the need for information on the part of individuals and institutions 
who need to make such evaluations. 

My remarks will cover three points in the rough — and sometimes 
muddy— terrain of educational evaluation. First let me explain, I will 
restrict myself to those aspects of evaluation and those uses of instruc- 
tional technology with which I am most familiar, and make no effort 
to present an overview of the entire field. I have worked in the use of 
computers in instruction and have been concerned with evaluating 
■ such use in higjher education. That is what I am going to talk about. 

My three points : 

First, I should like to remind you of some of the reasons why the 
use of computers in instruction is complex and how this makes ques- 
tions of evaluation difficult. 

Second, I want to tell you what parts of the evaluation question, 
again regarding the use of computers in education, can and must be 
answered. 

Third and finally, I will suggest how we might obtain better 
answers to those questions and how we might get more mileage out of 
th e an swers we do have. 

* Why the question is difficult : Educators and educational administra- 
tors have to make decisions about how they are going to use computers 
in the future, at least when they make thiair budgets. Jxl order to do 
so, they would like to know how computers have affected education 
in the past and how they might affect it in the future. 

The difficulty of finding straightforward advice on these questions 
lies basically in this fact : It seems to me in education — as in almost 
every other human activity to which they have been applied — com- 
puters have had as strong an influence on the content as on the method 
of the activity. 

The computer comes in the door in the guise of a^ sort of intellectual 
steam engine, and we are inclined to view automation in the model of 
industrialization, to do work formely done by other means, but to do 
it faster, cheaper, or better in some other way. But it tends to have 
a different sort of impact, changing the nature and direction of what 
people do. I suggest that it is really more like a telescope than a steam 
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Gn^ne. It changes liurnan vision and thus imagination and thus ulti- 
mately human goals. 

Computers in education have made our lives more difficult and not 
easier, as we were promised. The computer has not brought us closer 
to our goals, but has helped us to see xurther and thus to advance our 
goals, so that we find we have even further to go. Have computers 
helped us to achieve our educational goals? I think the answer is *^No.'^ 
But at the same time, they have made the question irrelevant. 

In education, many early projections of the impact of computers 
saw the computer as a machine to replace human labor. The computer 
was to become the ultimate "teaching machine," doing at least part of 
the job previously performed by human teachers and providing a new 
medium of instruction in traditional subjects. The evidence, however, 
now indicates that — particularly in formal education — this kind of 
computing has i>layed only a minor role. 

Instead of being a passive machine for delivering information, the 
computer has provided a means for giving students a much greater 
insight into the world in which they live. Instead of replacing teach- 
ers, it has given teachers the means to provide a richer and more valu- 
able education for students. 

Of the greatest importance in the expanding use of computers in 
education has been the need and the opportunity to teach students how 
to use the computer in the activities they plan to pursue after leaving 
schools The computer has assumed an important function in the con- 
temporary practice of business, industry, science, and scholarship. Its 
impact on the professions and the arts is growing. Almost no student 
can expect to remain untouched by this tool of almost universal appli- 
cability. So by changing the world of work, the computer imposes an 
addition aV burden on education : Prepare students to assume jobs where 
thev will use the computer as a partner. 

Thus, large numbers of students now use computers to do things 
that would have been meaningless a generation ago — ^they learn techr* 
niques of problem solving that rely on computers and^thiey exercise this 
skill in projects that expand their knov^ledge both of information- 
processing skills and the subject matter to which it is applied. 

In the social sciences, the computer has become a subject of instruc- 
tion in another sense. The societal impact of this technology presents 
an urgent need for study and for control. In a democratic society, it 
is imperative that we have citizens who are informed about the nature 
of computers, how they are applied, and what the advantages and 
dangers of such application are likely to be. Some schools have recog- 
nized their obligation to review with students the social issues that the 
computer and its allied technologies have introduced, issues of which 
the rights of privacy and the impact of automation on employment are 
the best known. 

As a consequence of these factors, schools and colleges find them- 
selves pressed for expanding the curriculum by students — ^many of 
whom expect schools to provide them with access to computing and 
instruction in computer-i*eIated subjects — ^by the market for grad- 
uates — for employers are coming to expect applicants to have some 
basic computer literacy before they arrive on the job — and by the gen- 
eral needs of our society at large. 
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In the environment J have attempted to draw, it is clearly in:^- 
possible to assess the value of computers in instruction in any absolute 
way. Things are chan^ng and growing too rapidly to make that 
possible. Ikd^" second pomt^ then, had to do with questions that we can 
answer in the face of this situation. 

TV^e ^1^^ and come up with some sort of practical 

answers or el ^e we would not be able to proceed with the educational 
process at all. Institutions need answers to these questions before they 
can make critically important decisions. I suggest five particularly im- 
portant questions. The most evident — maybe perhaps because it af- 
fects budgets and therefore attracts attention first — is how much com- 
puting do students need ? v 

"A question is what kinds of computing do schools 

nieed? Because all computing is not alike. Some kinds are more useful 
for students, are more attractive and easier for them to use, and are 

bctter^suited.to.jbhejeducational environme^^ . . 

Thirds since usage patterns diverge widely, how do you encoura^ 
students and teiachers to make productive use of the resource, once it 
is provided? And perhaps most puzzling of all, how do you tell the 
difference between productive use and its opposite ? 

And then, finally, the most fundamental question, how does an edu- 
cational institution go about answering these questions on its own, for 
the questions must have at least tentative answers in order for an in- 
stitution to fit computing into its own institutional priorities. 

A few years ago, with the support of the National Science Founda- 
tion, I set about tiding to formulate some answers to these questions 
as they are asked in the context of hi^rher education. The result of the 
study was a little handbook called "Evaluating Insti-uctional Com- 
puting: Measuring N and Resources for Computing in Higher 
Education.'' It did not provide any ultimate answers^ but it indicated 
some directions and warned of some dangers and a few institutions 
have f oimd it helpful. 

i had, in fact, set out to do something rather more ambitious than 
this. I had hoped to assemble facts and arguments to support some 
fairly straightforward advice and precise recommendations of what 
we must do. But there are just no authoritative pronouncements that 
can fairly be made about what the computing students should have — 
in part because of the reasons I outlined in the first part of my talk, 
and in part because institutions differ in their missions and aspira- 
tions. 

One of the basic conclusions of my study and thus one of the 
premises of my handbook was that no universal answers are in fact 
now possible, but that each institution must work out its own decisions, 
based on its own priorities, the goals it puts forth for its students, the 
abilities of its faculty, what its commumty thinks are the priority and 
value of computing. 

In attempting to provide help for institutional decisionmakers and 
planners in defining appropriate levels of computing support, my 
study suggests several alternative techniques. In particular, it stressed 
the value and importance of better measures of the quantity and qual- 
ity of jcomputing provided teachers and students to use. An admin- 
istrator or a committee faced with the question of whether to expand 
or contract the computing resource should have more information 
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about what students and teachers are doing than most institutions 
can now -provide. Such data need to be more detailed than just ho^V 
much" computing is used. Questions of quality are of great impor- 
tance, since they determine how effectively the computing is likely to 

In the absence of other criteria, many institutions find that the per- 
formance of peers is a valuable input. Techniques of cross-institutional 
comparison are also possible. 

Institutions also need means of assembling consensus on what tneir 
present and future needs are. Of particular interest are survey instru- 
ments that ask faculty and other constituencies what levels of com- 
puter sophistication are appropriate to students at different levels ana 
in different disciplines. Not many teachers can tell you what resources 
students need, but they should be able to tell you what students should 
be able to do. Ask the faculty, by all means. But also consider asking 
the alumni, and the students at higher levels; graduate admissions ot- 
fices, employers in the community. — . 

Techniques like this help to focus the decisionmaking process withm 
an institution, providing more information and encouraging rational 
analysis in terms of institutional goals and objectives. 

Still, the ultimate help in deciding where computing belongs in the 
priorities of education would be some hard data on what its im]Dact has 
been on th&Be being educated. And this brings me to my third pomt. 

Over the past decad.es, we have had institutions where students have 
had access to liberal amounts of computing and others where comput- 
ing is scarce and hard to use. We have seen students absorb thousands 
of hours of computing, and other students, in the same disciplines ana 
working toward the same degrees, who have used none. What meas- 
urable difference can be discerned between these groups of schools, 
these groups of students? Does the use of computers in instruction 
make any difference? If so, what is it? 

Without some evidence on these questions, it is certainly diHuiult to 
justify quantitative decisions about the amount and kind of com- 
puting that will be provided for students. Is 20 terminal hours per 
year enough exposure for the average student? How much better 
would a student's education be if that number were doubled? irlow 
would it bo affected if it were halved? • t, . ^ 

The data to answer these question do not presently exist, but a suf- 
ficiently careful and detailed effort might bring them into being. 1 he 
design and implementation of a project to collect this information is 
certainly no trivial undertaking. It will require examining a range of 
institutions of different quality aspirations. It will call for surveys and 
longitudinal studies of both institutions and students. 

Still, while we are waiting for this major study, valuable infor- 
mation can be gathered from other briefer reports. Most of the data 
we have on computer use in education are based on computer center rec- 
ords regarding how many of the resources different groups use. Very 
little effort has been made to ask the faculty what their students are 
doing and whv. Almost no svstematic investigation has been made to 
find out what students really do in the hours they spend m front of com- 
puter terminals. Only the students have a large share of- the most 
valuable information we want. It is hard to get good and reliable 
information from students, but if we learn to ask the right questions. 
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they will tell us what we want to know. I should like to see laany more 
studies that help us understand what the expectations of instructors 
are when they assi^rn computer- related work and how they evaluate 
performance. I think we particularly need more research to help us 
understand what is going on, what kind of education is taking place, 
during the hours a student spends sitting before a computer terminal 
My final suggestion is not a request for more data, but for better use 
of the data we have — limited and inconclusive as it may be. It focuses 
not on the information needed to evaluate, but on the evaluator. 
A recent study by John Hamblen of the University of Missouri indi- 
cates that nearly 1,000 colleges and universities in America have no 
access to computing to offer their students. These institutions enroll 
over 1 million students. Students who terminate their education at the 
nigh school level have even a lesser opjportunity ; even though a grow- 

^'^^ schools are acquiring computers, the percentage 
of their students who are exposed to them is verv small. I should! 
therefore, like! to suggest that the issue of evaluation is important only 
after the decisionmakei-s in education decide that the questions of 
evaluation are worth asking. Far too many of our teachers and ad- 
ministrators 3ust do not care or — and this comes to the same thinrr 

clami they do not have the skill, they lack the time needed, they ctn- 
not afford the cost. 

Although we may not all agree on the exact nature of the com- 
puter s role m education, all of us who have examined the case closely 
agree that computers as such do have a role and that it is a role of some 
importance. 

Students learn from teachers, and teachers learn from professors of 
education. Before students can learn from computers, the entire struc- 
ture of professional education must become aware that computers 
exist and that they are relevant to educational concerns in a very broad 
context. Information technology must be seen as an opportunitv for 
improvement, and not a threat. More important, it nuist be seen as im- 
portant across the spectrum of education and not a specialty only for 
mentally gifted minors with a talent for mathematics. We^musf! find 
better ways of reaching those educators who have made up their minds 
betore the evaluation questions are asked. 

Thank you, Mr. Chairman. 

fThe prepared statement of Dr. Mosmann follows :] 
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THE EVALUATION OF INFORMATION TECHNOLOGY IN EDUCATION 

Charles Kosmanh 
.Associate Vice President 
California State University, Fullerton 

A report prepared for the April 3 hearings of ^ e U.S. House of Representa- 
tives Committee on Science and Technology (Science, Research, and Technology 
Subcommittee and Selecr Education Subcommittee), as part of hearings and 
workshop on Informat ion technology In education, 

I have been asked to .talk to you this morning about our capabilities 
for^ evaluating new educational technologies and about the need for informa- 
tion on the part of Individuals and Institutions who need to make such 
evaluations. 

My remarks will cover three points in the rough (and sometimes muddy) 
terrain of educational evaluation. 1 shall restrict iiiyself to those as- 
pects of evaluation and those uses of instructional techno^logy with which 
t am most familiar, and make effort to present an overview of the entire 
field. I have worked in the use of computers In Instruction and have been 
concerned with evaluating such use in higher education. 

Firsts I should like to remind you of some of the reasons why the use 
of computers in Instruction is complex and how this makes questions of eval- 
uation difficult* 

Second^ I want to tell you what parts of the evaluation question, again 
regarding the use of computers In education, can and must be answered. 

Third and finally. I wl 1 1 suggest how we might obtain better answers 
to those questions and how we might get more mileage out of the answers we 
do have. * • ' 

1 . Computers and the goals of education 

Educators and educational administrators have to make decisions about 
how they are going to use computers In the future. In order to do so, they 
would like to know how computers have af f ected ' educat i on tn the past and how 
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they might affect ft In the future. The dlTflculty of finding straight- ^ 
forward advice on these questions lies basically in this fact: In educa-^ 
1 1 on (as in almost every other human activity to which they have been 
applied) computers have had as strong an influence on the content as on- 

the method ' of 'the-^acri vi ty * - 

The computer comes in the door In the guise of a sort of intellectual 
steam engine — to do work formerly done by other means, but to do it faster, 
cheaper, is better in some other way. But it tends to have a different 
sort of impact, changing the nature and "di rect ion of what people do. I 
suggesf^thafi t* T s^real ly'more ' 1 I ke-^a tel escope than an engine. • It changes 
human v i s f on and thus imag i nat I on and thus goa 1 s > 

Computers in education have made our lives more cilfficult and not 
easier, as we were promised. The computer has not brought, us closer to our 
goals, but has helped us to see further and thus to advance our goals, so 
that we find we have even further to go. Have computers helped us achieve 
our educational soals? 1 think the answer is, no. But at the same time, 
they have made the question irrelevant, 

in education* many early projections of the impact of computers saw the 
computer as a machine to replace human labor. The computer was to become 
the ultimate "teaching machine." doing at least part of the job previously 
performed by human teachers and providing a new medium of instruction In 
traditional -subjects. The evidence, however , now indicates that (particu- 
larly in formal education) this kind of* computing has played only a minor 
ro 1 e . 

Instead of being a passive machine for delivering information, the com- 
puter has pray/ldGd a means for giving students a much greater insight Into 
the world in which they live. Instead of replacing teachers, it has given 
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teachers the means to provide a richer and more valuable education for 
students. Although this has been true to some extent in all disciplines and 
subjects, the application has certainly been more widespread in engineering 
and the sciences than in less quantitative disciplines. 

Of the greatest importance in the expanding use of computers in educa- 
tion has been the need (and the opportunity) to teach students how to use 
the computer In the activities they plan to pursue after leaving school. 
The computer has assumed an Important function in the contemporary practice 
of business » industry, science, and scholarship. Its Impact on the pro- 
fess t bns and the arts 1 s growing. Al inos t no s tudeht can expect to remain 
untouched by this tool of almost universal applicability. So by changing 
the world of work, the computer imposes an additional burden on education: 
prepare students to assume jobs where they will use the computer as a partner. 

Thus large numbers of students use computers to do things that would 
have been meaningless a generation ago — they learn techniques of problem 
solving that rely on computers and they exerc i se th 1 s skill in projects that 
expand their knowledge both of Information processing skills and- the subject 
matter to which tt Is applied. It Is a truism .that undergraduate students in 
many, disciplines now do projects as a matter of course that would have been 
sulta:>1e subjects for doctoral dissertations twenty-five years ago. 

In the social sciences, the computer has become a subject of Instruction 
In another sense. The societal impact of this techology presents an urgent 
need for study and for control. in a democra t i c soci ety , it is Imperative 
that we have citizens who are Informed about the nature of computers, how 
they are applied, and what the advantages (and dangers) of such application 
are likely to be. Some schools have recognized their obligation to review 
with students the social Issues that the computer and its allied technologies 
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have introduced, Issues of which the rights of privacy and the impact of 
automation on emp 1 oy men t a re the best known.. 

As a consequence of these factors, schools and colleges find them- 
selves pressed for expanding the curriculum by students (many of whom 
expect schools to provide them with access to computing and Instruction 
in computer-related subjects)^ by the market fol- graduates, (for employers 
are coming to expect appl i cants to have some basic computer literacy before 
they arrive on the job), and by the general needs of our society at large. 
2. Evaluating needs and resources 

tfi^th^^^ have attempted to draw, 1 1 1 s cl early Imposs i bl e 

to assess the value of computers In Instruction in any absolute way, .,Things 
are changing and growing too rapidly to make that possible. My second point 
has to do with questions that we can answer in the face of this situation. 

We need to ask questions and come up with some sort of practical answers 
or else would not be able to proceed with the educational process at all. 
Institutions need answers to these questions before they can make critically 
Important decisions. I suggest five par t i cu 1 a r 1 y i mportant question^. The 
most evident (perhaps because i t affects budgets and therefore attracts 
attention first) is how much computing do students need. A second Important 
question is what kinds of computinc do schools need. Because all computing 
is not alike. Some kinds are more useful for students, are more attractive 
and easier for them to use, and are better suited to the educational environ- 
ment. Third, since usage patterns diverge widely, how do you encourage 
students and teachers -to make productive use of the resource, once it is 
provided? And, perhaps most puzzling of all,' how do you tell the difference 
between productive use and its opposite? And then finally, the most funda- 
mental question, how does an educational institution go about answering these 
questions on Its own; for the questions must have at least tentative answers 
in order for an institution to fit computing into its own institutional 
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priorities. 

A few years ago, with the support of the National Scj'ence Foundation,* 
I set about trying to formulate some answers to these questions as they are 
asked in the context of higher education. The result of the study was a 
little handbook called "Evaluating Instructional Computing: Measuring 
Needs and Resources for Computing in Higher Education,*'^ It did not pro- 
vide any ultimate answers but i't indicated some directions and warn.ed of 
some dangers and a few i ns'ti tut ions have found it helpful- 

' ! had In fact set out to do something rather more ombitious than this. 
r'had'hcTpe'd' to assemble to support some fa?rly straight- 

forward advice and precise recommendations. But'there just are no authorita- 
tive pronouncements that can fairly be made about the computing students 
should have: in part because of the reasons i outlined in the first part of 
my talk* And in part because Institutions differ in their missions and 
aspirations. 

One of the basic conclusions of my study and thus One of the premises 
of my handbook was that no universal answers are now possible, but that each 
Institution must work out its own decisions, based on its own priorities, 
the goals It puts forth for Its students, the abilities of its faculty » what 
its community thinks are the priority and value of computing. 

In attempting to provide help for institutional decision makers and 
planners in defining appropriate levels of computing support, my study sug- 
gests several alternative techniques. In particular. It stressed the value 
and importance of better measures of the quantity and quality of computing 
providing teachers and students to use. An administrator or a committee 
faced with the question of whether to expand or contract the computing re- 
source should have more Information about what students and teachers are 
doing than most institutions can now provide. Such data- need to be more 
detailed than just "how much" computing is used. Questions of quality are 
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of great imporrance. since they determine how effectively the computing 
Is likely to be used. Range of hardware and .software available is of 
course a measure of quality; but so are convenience, accessibility, avail- 
ability of clear documentation and helpful human guidance, and simplicity 
of access for both teachers and * students . 

In the absence cf other criteria, many Institutions find that the 
performance of peers is a valuable input- Techni ques -of cross- i ns t I tuiona' 
comparison are also.^JossibW.^-'UTiti l 'We' Kaive* 'cleaVly comparable measures, 
the techniques will remain somewhat limited. Still, some comparisons are 
possible, if institutions will learn to use the data that exist- 

Instltutions also need means of assembling consensus on what their 
present and future needs are. Of particular interest are survey instru- 
ments that ask faculty (and other constituencies) what levels of computer 
sophistication are appropriate to students at different levels and in 
different disciplines. Not many teachers can tell you what resources stu- 
dents need; but they should be able to tell you what students should be able 
to do. Ask the-faculty. by all means. But also consider asking the alumni, 
and the students at higher levels; graduate admissions offices; employers In 
the community. 

Techniques like this help to -focus the decision-making process within 
an institution, providing more information and encouraging rational analysis 
In terms of Institutional goals and objectives. 
3. Evaluation and the evaluators . 

Still, the ultimate help in deciding where computing belongs in the 
priorities of education would be some hard data on what Its Impact has beerr 
on those being educated. And this brings me to my third point. 

Over the past decades, we have had institutions where students have had 
access to liberal amo-jnts of computing and others where computing is scarce 
and hard to use. We have seen students absorb thousands of hours of computing 
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and other students^ in the same discipline and working toward the same degrees » 
who have used none. What measurable differences can be discerned between • 
these groups of schools; these groups of students? Does the use of computers 
in instruction make any difference? If so, what is it? 

Without some evidence on these questions, it is certainly difficult to 
Justify quantitative decisions about the amount and kind of computing that 

will be provided for students. , Is 20 terminal hours per year enough exposure 

.1^*1"',''. 

for the average student? How much better would.X s^twdent * s educat Ion be if 
that number were doubled?' How would it be affected if It were halved? These 
quest ions - can only- be answered on the basi s of. empi ri cal • evi dence of the im- 
pact of computers on' students. 

The data to answer these questions do not presently exist, but a suffi- 
ciently careful and detailed effort might bring them into being. The design 
and implementation of a project to collect this information is certainly no 
trivial undertaking. It will require examining a range of institutions of 
different quality aspirations. It will call for surveys and longitudinal 
studies of both institutions and students. It may require, that some talented 
and imaginative people postpone their efforts to Improve education so that 
they can devote their talents to measuring education^ 

StlM, while we are waiting for this major study, valuable information 
can be gathered from other, briefer efforts- Most of the data we have on 
computer use in education are based on computer center records regarding 
how many of the resources different groups of students use. Very little 
effort has been made to ask the faculty what their students are doing and why. 
Almost no systematic investigation has been made to find out what students 
really do in the hours they spend In fr'ont of computer terminals, Only the 
students have a large share of the most valuable information we want. It is 
hard to get good and reliable information from students, but If we learn to 
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ask the right questions, they will telt us what, we want to know. I should 
like to see many liore studies that help us understand what the expectation! 
of instructors are when they assign computer-related work and how they eval- 
uate performance. t think we particularly used more research to help us 
understand what is going on, what kind of education is taking place, during 
the hours a student spends sitting before a computer terminal. 

My final suggestion is not a request for more data but for better use 
of the data we have— limited and inconclusive as it may be. I t focuses not 
on the Information needed to evaluate, but on the evaluator. 

2 

— Arecent Study by John Hamblen of the University of Missouri indicates 
that nearly a thousand colleges and universities In America have no access to 
computing to offer their students. These institutions enroll over a million 
studnnts. Students who terminate their education at the high school level 
have even a lesser opportunity; even though _a„growi ng number of high schools 
are acquiring computers, the percentage of their students who are exposed to 

them is very small. 

I should, therefore, like to suggest that the Issue of evaluation Is 
important only after the decision-makers in education decide that the ques- 
tions of evaluation are worth asking. Far too many of our teachers and admin- 
istrators just do not care or (and this comes to the same thing) claim they 
do not have the ski 11.. they lack the time needed, they cannot afford the cost. 

Although we may also agree on the exact nature of the computer's role In 
education, all of us who have examined the case closely agree that computers 
do have such a role and that it is a role of some Importance. 

Students learn from teachers and teachers learn from professors of 
education- Before students can learn from computers, the entire structure of 
professional education must become aware that computers exist and that they 
are relevant to educatibnal concerns In a very broad context. Information 
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technology must be seen as an opportunity for Improvement, and not a tbreat. 
Hore important » It must be seen as Important "across the spectrum of education 
and not a specialty only for mentally gifted minors with a t^4en^ for mathe- 
matics. We must find better ways of reaching those educators w^o have made 
up their minds before the evaluation questions are asked. 

Quality computing is unquestionably of value in promoting the overall 
goals of an educational institution. It improves education, providing stu- 
dents with knowledge and insight that will be of value to them in several 
ways In their later lives- It helps them find Jobs or get into graduate 

schools; ^it improves thei r l/is I ght^rnto^many^ subjects ;...i t makes their work 

easier and more comprehensible; it promotes their understanding of the world 
in which they live. It is in pursuit of these objectives that th|e needs of 
-students for computing must be defined and defended and that the quality and 
quantity of computing supplied for them to use must be improved. 



Notes 
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Mr. Bkown* Thank you very much. Dr. M^smann. 

We will go to our second speaker before we have questions, and he 
is Mr. jSmest J. Anastasio, assistant vice president for research and 
development administration, with the Educational Testing Service in 
Princeton, N. J., and by background, a research psychologist. 

I won't belabor some of the points that have put the Educational 
Testing Service into the news lately, and if any of those questions come 
up later, you can answer those for us. 

We welcome you this morning, and look forward to your presenta- 
tion. _ 

STATEMENT OT ERNEST J. ANASTASIO, ASSISTANT VICE PKESI- 
DENT ]FOB BESEAKCH AND DEVELOPMENT ADMINISTRATION, 
EDTICATIONAIi TESTING SERVICE 

Mr. Anastasio. Thank you, Mr. Brown. I am pleased to have been 
invited to this hearing to submit information that I hope will be 
helpful to your committee in its important work. 

As an organization dedicated to the improvement of education, 
Educational Testing Service (ETS) is strongly committed to the eval- 
uation of educational innovations, and in particular technology-based 
innovations. Educational evaluation is the best source of objective 
information available to policymakers to assess the effects of new edu- 
cational progr / ms and, for that reason, it is important that evaluation 
be a part of every innovative effort. 

In my comments this morning I will view the topic of evaluating 
information technology in education from a broad perspective, with 
particular reference to what I consider to be the fundamental set 
of issues that must be addressed in evaluating any instructional 
technology. 

Although the "theory" of educational evaluation is applicable across 
different kinds of programs, there are some unique characteristics in 
the evaluation of technology-based innovations. For example, it is im- 
poiiiant to distinguish between the use of technology to improve access 
to educational instruction by delivering materials already available 
through other mechanisms (an example would be the use of satellite 
transmission of existing TV or radio instruction to remote locations 
in Alaska and the Appalachians) and the use of technology to aug- 
ment and enhance existing instructional offerings. In the first case, the 
evaluation is primarily concerned with problems of implementing the 
innovative system ana, if successfully implemented, questions of the 
extent to which the intended recipients make use of the instruction 

Erovided. In the example, the contest is between instruction via satel- 
te and delivery of no supplemental instruction at all. Secausje of the 
nature of the comparison, technology is likely to be an easy winner in 
this case. 

However, the largest potential impact of technology in education is 
in supplementing and enhancing existing instruction. This makes eval- 
uation of the innovation far more difficult and demands that the evalu- 
ator make a systematic attempt to answer the following questions : 

1. How did the innovation work — ^in terms of performance quality, 
reliability and flexibility 9 
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2. What were the costs — in dollars, in personnel adjustment and in 
extra support and resources? 

3* What were the effects — the intended effects on learning as well as 
the unexpected outcomes ? 

4* BCow was the innovation accepted — that is, for any implementa- 
tion, how did the stakeholders, for example, students, teachers, ad- 
ministrators, and parents — ^react? 

Other, questions may be addressed in an evaluation, but these four 
are fundamental in assessing any proposed change in educational prac* 
tice. They are fundamental because tney reflect basic issues. Answering 
each of these questions requires that we state its context, and in the 
process, clarify what we mean by the question. 

1. How did it work? Here we confront the **actual versus potential'^ 
dichotomy. Most technologies are evolving. It is not possible to evalu- 
ate the "potential'' of a technology, except by expert judgment on 
actual performance^ If we wish to ^ther hard data, these must be 
^ "based on a current prototype. If prelmiinary evaluation reveals short- 
comings, the developers can always announce another version, say a 
*'Mark 2," designed to overcome the problems which the evaluation re- 
vealed in "Mark 1," and they can have "Mark 2'* on the market soon 
after the analysis of "Mark 1" is completed. If the evaluator tries to be 
responsive by changing the evaluation to include "Mark 2,^' the de- 
veloper can produce ^^Mark 3.^' When technology is not vet stabilized, 
the only way to answer the question "How did it work?" is to take a 
snapshot at a particular juncture, document it thoroughly, and use 
the information to improve the precision of expert judgment concern- 
ing future modifications. 

For example, evaluation might indicate that a 5-second wait for 
feedback after multiple-choice response led to loss of interest among 
students. The developers might then announce a modification, capable 
of delivering feedback in 1 second, but limited only to yes/no re- 
sponses. The data gathered on the original system cannot speak to the 
latency delay /response format tradeoff. In this sense, the "potential^^ 
of an evolving system can never be evaluated. Yet evaluations of limit- 
ing cases can be performed, and can influence expert judgments of 
potential* The question "How did it work 2" can only be fully answered 
for a stable innovation. 

No delivery system can be evaluated empirically without deliver- 
ables. Even though the delivery system is relatively stable, if it is flexi- 
ble, the message can change. In evaluating systems designed to receive 
and deliver educational messages, the question "How did it work?" 
cannot be divorccMi from the particular curriculum implemented. And 
this is a point that I cannot stress enough : The curriculum delivered 
must be worth delivering. The temj>tation to exploit the capabilities 
of shiny new hardware almost invariably means that no "traditional" 
curriculum, or courseware to use the current vernacular, will be seen 
as sufficiently well-matched to the unique properties of the system to 
be readily adapted to the new technology. Thus developers embark on 
new curriculum development with an optimism uncontaminated by 
experience or by the Imowledge that curriculum development takes 
years of trial, error, and revisions, and can consmne vast amounts of 
resources, with a resulting product that is no better than that currently 
used in the schools. When such a home-brewed curriculum is delivered 

erJc 1 64 



160 



via the shiny new hardware, and evaluation shows it to work no ^^ter 
than does the traditional curriculum, the question of how well the 
medium could have worked if its message had been worth deiivermg 
remains unanswered, but the reaction of the education community is 
often to discard the system as having been proved to be infective. 
Language labs, programed texts, teaching machines, and individual 
film^rip/cassette carrels are gathering dust m school storerooms all 
over the country, in testimony to industry's and educators' t^dency to 
sell and buy thousand-dollar hardware associated with $1.98 course- 
ware, and then to become disillusioned with the hardware. 

The critical role of high-quality course material as an essential in- 
gredient in any successful educational teclmology effort has been noted 
m coimtless projects. Reviews of numerous technology programs in- 
variably make reference to the authoring process as th^ most imcertain 
and potentially disturbing aspect of the innovation. No matter how 
well designed and reliable the hardware, or how flexible and powerful 
the supporting software, the educational progress of students using 
any system will be limited by the nature of the curricular materials 
presented. Many project plans have substantially underestimated what 
is required to produce an effective curriculum, some by erring in the 
dire^ion of excessive and premature systematization of materials lack- 
ing in adequate realization of the potentialities of the medium for de- 
nary, and others by erring in the direction of excessive reliance upon 
hiehlv inspired adjunctive exercises demonstrating the great versatil- 
ity and creative potential of the medium, but inadequately supported 
bv comprehensive, systematic coverage of curricular ob3ectives. lo my 
wav of thinking, this issue is very real and at the heart of the problem ; 
it must be recognized and dealt with if the delivery s;jrstems are to be 
ffiven a fair trial and evaluation. Any major trial of a new delivery 
svstem should be preceded by carefully prescribed, small-scalej itera- 
tive experimentatibn, usually based on an already-proved curriculum 
approach, untU the message being delivered is coherent ajid worth de- 
livering. Only then is the question "How did it work?" worth 

*^^AtThe^risk of belaboring the issue, I would like to emphasize the 
point a final time by analogy. Suppose that the Air Force had under 
Sevelopment a radically new design of fighter bombers and was 
prepanng to test their effectiveness under combat conditions. We 
would expect them to insist upon experienced pilote and higniy 
trained flight crews. And we would not regard it as a fair test ot tne 
new aircra^ if the crews were selected on the basis of interest, ground 
artillery experience, knowledge of the combat terrain, or any other 
tangential criterion. Analogies are sometimes misleading, and 1 cK> not 
wish to push this one too far. The counterpart of an experienced flight 
crew, thoroughlv skilled in coping with both a new craft and with 
comlJat condSiohs, would be extremely hard to find or assemble m the 
field of CAI. Most developers are to be commended for the ingenuity 
and perserverance with wliich they have faced the t^sk of authoring 
for new media and for specific curricular problem areas, but the tact 
remains that in too many cases the skill, training, and experience 
needed for effective authoring has been grossly underestimated. 

2. What were the costs? Any new delivery system requires new roles 
for teachers for effective use. In addition to trammg time, and the 



l6o 



161 



costs — ^in terms of personnel and financial resources — of developing 
and^ delivering training material, it is necessary to consider oppor- 
tmxity costs tnronghout the teaching day. A system which requires 
active teacher intervention every few minutes severely constrains other 
teaching activities. On the other hand, a "turnkey" system, which 
operates completely independently of the teacher, may drive the 
teacher's pace and coverage, or lead to the inefficiency of two ujiin- 
t^rated treatments of the material. I will return later on to the issue 
oi "teacher-proof" systems in my comments on acceptance of tech- 
nological innovations. 

\V^en dealing with an evolving system, even direct monetary costs 
are difficult to track. It is clearly in tliis developer's interest to assign 
as many operational, implementation, and service costs as possible to 
the "development" category, thereby lowering the estimated cost of 
routine delivery of the developed system ana courseware. If system 
and courseware development are allowed to proceed concurrently with 
evaluation field trials, it may be impossible to separate the costs. Thus, 
the researcher's desire to evaluate a stable treatment is not so much 
evidence of a lack of methodology to deal with dynamic phenomena, 
but an insistence that determining accurate operational cost is essential 
to informed decisionmaking. This position is related to the growing 
feeling that the most reasoviable target for summative evaluation is a 
replication of the pilot system rather than the original, in conditions 
other than the developer's back yard. This is not to. diminish the 
importance of formative evaluation during the development and pilot 
phases of a project. 

3. What were the effects ? This is the traditional question of educa- 
tional evaluation. As decisionmakers become more sophisticated, and 
as evaluators learn to cut through some of their professional jargon, it 
becomes clear to all that this question, when worth asking, does not 
have a simple one-number answer. An increasing segment of the public 
is aware that the question is not, how much did students learn — raw 
grain — but how mucli more or less did they learn than would have been 
the case if they had not received this treatment? To answer tliis 
question always requires assumptions. If we can compare the students 
with a similar group under conditions of random assignment the 
assumptions are minimal — on the average, the control group will not 
differ systematically from the treatment group on any characteristic 
but the fact of receiving the treatment. If students and teachers are 
systematically selected or if they select themselves into the treatment, 
strong assumptions must be made to determine all the important ways 
in which they differ from individuals who did not receive the treat- 
ment. For example, people who watch opera on public television tend 
to have larger vocabularies. Very little, if any, of this difference is 
because watching TV opera builds vocabulary. Rather, both char- 
acteristics tend to be associated with higher education level. When 
self -selection occurs, one must use extreme caution to make sure that 
differences in the treatment and nontreatment group were not predict- 
able before the treatment took place. There are statistical methods for 
attempting this correction* but they assume that all important pre- 
existing differences have been ac^^urately measured — an assumption 
which is never verifiable. 
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The public is becoming more aware that a system that gives positive 
results with one population in one setting may give quite different 
results with different groups in different settings. Valid evaluation 
should look at such interactions to attempt to set limits of generaliza- 
tion. The key factor, of course, is an experimental desi^ that is 
appropriate to the situation. In its simplest form the design would 
include two comparable groups, one of which receives the innovation 
and one that does not. However, even this simple desi^ is difi&cult to 
implement in practice. To the extent that the innovation is perceived 
as beneficial, it is possible that the group who is not receiving the 
innovations will find ways of supplementing their instruction. For 
example, if the two groups correspond to different classrooms, the 
teacher in the control classroom may supplement regular instruction 
by various means. The effect of such a comparison would be an under- 
estimation of the real impact of the innovation. 

The way to deal with problems such as this is by using designs that 
are robust to this problem. One such powerful design, made possible 
by the individualizing technolo^es such as CAT, is the delivery of 
different curriculum, say reading or mathematics, to randomly 
assigned students in the same classroom. Then the reading group 
becomes the control for mathematics, and vice versa. This design has 
been used to good effect by Patrick Suppes for precise within-class- 
room evaluation and is, in fact, an important element of the desiOTi 
being used by "ETS in the NIE -sponsored evaluation of drill-and- 
practice CAI in Ix)S Angeles. Another mechanism for dealing with 
the problem is to assess the types and amounts of instruction received 
by the different groups and incorporate that information in the 

analysis. • * j 

In short, to the extent that innovations are accepted or rejected 
because of their impact on achievement, it is important that such im- 
pact be accurately assessed. Underestimation or overestimation of the 
effects of an innovative program may lead decisionmakers to th^ 
wrong decision. Hence optunsd experimental designs should be a mgh 
priority item in experimental evaluation. 

4. liow was the innovation accepted? No matter what the impact 
on achievement or other cognitive test scores, the evaluation of a tech- 
nological innovation must ascertain the attitudes and reactions of stu- 
dents, teachers, administrators, and parents to its intrusion into their 
lives. Sometimes such information must be inferred from the observa- 
tion of behavior, but sometimes it is more directly available m re- 
sponses to tradeoff questions. For example, at the end of the PLATO 
elementary school demonstration, teachers were asked, "If you had the 
choice between a half-time aide and PLATO terminals in your class- 
room — approximated equivalent costs at that time — which would you 
choose?" A majority of intermediate mathematics teachers opted for 
PIjATO but a majority of primary reading teachers chose an aide. 
This sort of evidence of degree of acceptance, in terms of tradeoffs, 
rather than of "Would you like it at no cost?" is necessary if decisions 
are to be made in the real world of scarce resources. Even if a system is 
designed for add-on use, rather than substitution for the teachers 
tim^ its adoption will not be an add-on in these days of taxpayer dis- 
content, but will replace something in the budgjet. To be accepted, it 
must be seen as more cost effective than something already m use. 
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Acceptance by teachers requires that the teacher be able to retain 
same professional autonomy over mode and timing of use, and instruc- 
tional sequence for individual students. The system which is designed 
to be teacher proofs diagnosing, routing, prescribing, delivering in- 
struction, and testing for mastery independent of the teacher, makes it 
impossible for the teacher to integrate the system with other classroom 
tecimologies. Just as seriously, such a system leaves no provision for 
human corrective action when a student gives a response that the sys- 
tem or curriculum designers did not foresee. In the absence of om- 
niscient designers, such unpredicted behavior is likely to take place 
every time a child sits down at a preprogramed device. For these in- 
stances, teacher-proof systems very quickly become teacher-rejected 
systems. The answer to this problem is not to design increasingly com- 
plex teacher-proof systems, but to include the teacher in the feedback 
loop, making the technology a tool to be used by a trained expert^ 
rather than a fast and colorful, but mute, simulated expert. Progress 
in artificial intelligence may someday make it necessary to revise this 
assessment, but for the foreseeable future, teacher resistance to closed 
systems which they cannot guide will be based on sound pedagogy, and 
not merely fear of being made obsolete- 
It is becoming increasingly apparent that many evaluation findings 
could have been predicted simply by looking at the content of tKe 
treatment curriculum, the content of comparison curriculum, and the 
match between each and the contei.t of the tests used. It is important 
that such tests cover not only the cixrriculum, but also include trans- 
fer items not covered by either the ti^eatment or control curriculiim, 
but reflecting fKDSsible positive or negative side effects. A curriculum 
which stressed problem solving exclusively might be found to have a 
negative effect on computation, but the evaluator would have to look 
to determine whether the innovation improved conceptual under- 
standing or merely performance on computational tasks. Clearly the 
ultimate objective is the improvement of understanding but there can 
be an improvement of test performance without a concomitant increase 
in understanding. A case in point was found in the evaluation of 
CAX in Los Angeles cited earlier. Although test scores increased for 
children receiving CAT they tended to make the same sort of errors 
with the same frequency as children that did not receive CAI, suggest- 
ing that test taking skills, not understanding, were improved. 

Gavriel Salomon has argued perstiasively that new methods to meas- 
ure the impact of new media on students* conceptions of and styles of 
working in a subject are a high prioritv need in evaluation of new edu- 
cational technology, rjy observing student interactions with new tech- 
nology during the important piloting phase, prior to formal suminative 
evaluation-* and by utilizing clinical interview methods* evaluators can 
generate hypotheses concerning novel outcomes, and develop instru- 
ments to assess them. As an obvious example, a system which allows a 
student to construct a response, rather than simply to select from among 
alternatives, may not be assessed effectively with multiple-choice tests. 
Deeper effects, for example, on the student's notion of the structure of 
a body of knowledge, will notjbe captured without major efforts to 
design measures which probeTthese less superficial structural under- 
standings. This argument — that different media vary with respect to 
the kind of mental skills they activate, and for that reason also vary 
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with respect to the kinds of achievement they produce — may prove to 
be the greatest challenge in evaluation of technological innovations, 
-and may lead to different and more appropriate accountings of the 
unique educational outcomes that result from their implementation* 

Before concluding I would like to make on final comment regard- 
ing the role of the teacher in effecting educational reform, and the im-^ 
plications foi> evaluation* There are no census figures to substantiate it/ 
out the estimate is plausible : more programs intended to change class- 
room instruction were rained down on elementary and secondary 
schools in the past 20 years than during the entire history of public 
schooling. The nature of the desired change varied with the inter- 
ests — vested and intellectual — of the reformers, and this diversitv of 
ends was exceeded only by the varied means chosen to bring tnem 
about. The blueprints differed from one another on some critical 
aspects of affecting change. One of th^e aspects, the part the teacher 
plays in implementing proposed innovations, is especially relevant to 
the topic of evaluating instructional technology ♦ Conceptions of the 
t-eacher^s role in reshaping educational practices have ranged widely, 
from the view of teacher as obstacle to change, whose influence is best 
counteracted or neutralized, to one that solicits the active support of 
the teacher and, in fact, views teacher development as the predomi- 
nant aim. In all cases, the presence of the teacher must be fronfronted 
by anyone seeking to alter school life. 

Given the teacher^s centrality in the classroom, it is surprising that 
decisions about implementation strategies have often been made with 
scant knowledge about the pedagogical values and constructs held by 
teachers. The qxiestion of the compatibility of a program's goals with 
those of the teacher's has seldom been raised. This curious lack of in- 
terest in the teacher's viewpoint, the "odd gap" often referred to in 
teacher research, is all the more remarkable if one considers the uni- 
versal aim of many innovations, bent on no less than the improvement 
of all instruction efforts. 

This problem, of course, is not unique to instructional technology 
and I do not mean to suggest that technology developers are more 
guilty than others engaged in instructional reform ; however, it seems 
especially appropriate to raise the concern at this time as we consider 
strategies to meet the challenge of evaluating innovative technology 
programs. 

In closing let me reiterate my firm conviction that quality evalua- 
tive data is critically important to decisionmakers — be they develop- 
ers, potential consumers, fumding agents, sponsors, or students^ — and 
that these data will only obtain from comprehensive examination of 
stable systems with carefully prescribed curriculum implemented in 
contexts which as nearly as possible reflect the realities and complexi- 
ties of contemporary school settings. 

Mr* Brown. The floor will be open for questions at this point, and as 
we did yesterday, I will ask the questioners to stand and to identi:ty 
themselves in some appropriate way, possibly by a name even. We may 
proceed at this point. 

Who wants to ask a question ? 

Mr* KoMOSKi. I am Ken Komoski. EPIE Institute, N'ew York City. 
I wish the last point you made, Mr, Anastasio, were true ^miversally 
in schools ih this country. I wonder what you would feel about — ^how 
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you would respond to — the reaction we find around the country that 
decisionmakers tend not to look at evaluative data. This was brought 
home to me very recently in a class I was giving at Columbia, just 2 
weeks ago. We had representaitives of the publishing industry who 
were from research departments who had in fact been doing iterative 
evaluation of their materials. One of the comments they made was that 
people in schools, decisionmakers, just do not pay much attention to 
the efforts that they are making in the publishing houses. A few pub- 
lishing houses are now paying attention to tlie issue of evaluating 
their materials carefully. One of my students said: "What then do 
you believe is the critical variable regarding pei-suading people in 
schools to buy what it is you are selling It was a knee-jerk reaction : 
"Packaging." 

Now, how do we get people to pay attention to the last point you 
made, which I sincerely wish were the case out there, but I don't, from 
my perspective, feel it really is, and we have a long way to go to get 
to it. 

Mr* Anastasio. I wish I had an answer. I think pai-t of the problem 
rests with the evaluators who have been somewhat derelict, I think, 
in understanding and following through on their responsibilities to 
consvuners* 

Most evaluators are trained as research scientists. They have a ten- 
dency to talk to one another in terms that research scientists under- 
stand, and to respond to the kinds of professional rewards that exist 
in their field, rewards that grow out of academic traditions where one 
publisher in refereed journals and shares results with collea^es in 
professional assemblies. I think: a large part of the problem is with 
the evaluators and the developers who have to learn to package their 
results in ways that will get tne attention of the school boards, Mem- 
bers of Congress, and the like* Social scientists in the past few years 
have become much more sensitive to their obligation to couch and 
frame recommendations in terms that policy makers can comprehend 
and react to, and hopefully as we continue to change our behavior in 
those ways our packaging will rival in impact the packaging of 
developers. 

Mr. Brown. Next question. 

Mr. KuRLAND, Norman Kuriand, New York State Education De- 
partment. Mr. Anastasio referred to language labs and other experi- 
ences that weVe had with technology. TVe find in our State — I gather 
this is true in other States as welF — that school districts are buying 
microcomputers at a very rapid clip, putting them into classrooms, 
and then we hear concerns about whether there will be enough course- 
ware to make them really, work. I wonder why you think, if you do, 
that the experience with this technology is going to be any different 
than with previous technologies, and what your advice would be to 
Congress, to the Federal Government, to those of us in the States, and 
others, to try to make sure this time that this turns out to be a really 
effective technology and not one that ends up on the shelves in the 
closet 5 years from now. 

Mr. Anastasio. To be perfectly frank, I*m not confident that our 
experience with microcomputers is going to be very much different 
than with otlier technology, for the reasons I was commenting on in 
my remarks earlier. 
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I liave seem some startling dramatic demonstrations with, microcom- 
puters^ video disks, terminals of one kind or another, and combinations 
of audiovisual media. They are very compelling, highly entertaining, 
provocative^ stimidating; and they have all the aspects that good TV ; 
entertainment should have, including some substance, I am sure. 

My conviction, based on spending lots of hours in the classroom, 
especially elementary and secondary schools, is that brining the 
microcomputer, or the language lab or whatever it is into the class- 
room is cQsruptive in positive ways, much as bringing a snake or a 
rabbit into the classroom can be disruptive, and it is on the basis of 
i±Lat experience that we say "this is what we need,^^ it brings all of 
the elements together in appropriate ways and we contract to buy it, 
or rent it, or whatever we do. And that course material and the aem- 
onstrations serve them well for a week, a month — ^maybe even a semes- 
ter or a year* 

The problem then becomes the courseware problem that I alluded 
to before. There is no industry, behind the scenes now generating the 
lessons, modules and courses to follow on from the demonstration ma- 
terials, and because that industry is not there, we are let down after 
we have had our fill of the materials that came with the machine. That 
picture has not changed very much in recent years, and I don't accept 
at all the notion that teachers will generate the material. All of us have 
been educated and we have all used many text books in the course of 
our schooling, most of which were not very good. Some of us who were 
lucky had ?the privilege of using good t^t books in one course or an- 
other; some of us were even more lucky and had the good fortune of 
running into a master teacher. There are very few master teachers, 
and T^xa positive there are very few people who have the ability to 
develop good course material, whether for micro, mini, or whatever. 
I think that is true now and wiU continue to be our experience. 

Mr* Brown. The gentleman right there. 

ITbom: tece FiiOORJl^m from Rutgers University. 

In your presentation, you indicated that we need more experimental 
designs, especially robust experimental deagns, and you indicated that 
the power of an experimental design is that it enables us to determine 
whether the treatment has produced desired effects. That however 
does not answer the question of what caused the treatment to yield the 
desired effect. Will the treatment cause the effect in other settings and 
probably the most important of all, how worthy is it to achieve the 
effect, given the costs involved? That would sort of boil down to a 
major issue, I would think, if what I have said is true. ^ 

The issue is, can the evaluation provide a solid guide for the adop- 
tion of this technology, and if it can, what kind of evaluation can deal 
with all those questions ? 

Mr. Ajwastasio* I think your statement is essentially accurate. Evalu- 
ations can provide answers. I was arguing for as much control as pos- 
sible on the part of the evaluators so the decisions can become clear. 
By way of example let me make reference to the evaluation that we 
conducted for the TICCIT project in the middle 1970's. There was a 
case where, with a lot of effort on the part of developers and evaluators 
to cooperate with one another and create an implementation of that 
system that was most sensible, we were able to determine that the par- 
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ticular instruction programs could produce a positive impact on stu- 
dent achievement. 

In a nutshell, that project showed that students who went through 
the TICCIT pi'ogram of instruction performed at higher levels than 
students who did not; however, the tradeoff, the cost of higher 
TICCIT performance was a substantial reduction in the number of 
students who completed the course versus the number who didn't. 
Only 16 percent of the TICCIT students finished the course to get 
credit versus 50 percent of the students from the classroom. That was 
the case in math. In the case of English, it was about 50 or 55 percent 
of the students finishing with TICCIT, and about 66 percent finishing 
in the traditional class. 

The design was a good one. It was clear from the data that we could 
speak with great confidence about the positive impact of the TICCIT 
program* ^ Then the question for the policymaker became — can we 
ftfford to invest in this product so that we can obtain a higher level of 
mastery but risk having it take longer ? 

Mr. BrowisT. Let me suggest that questioners use the floor mike so 
that everyone can hear you, if that is not too inconvenient. 

Mr. GiULESPTE. Bob Gillespie, University of Was?iington. 

I have a question for Dr. Mosman^/The ouestions on evalua- 
tion in higher education were very good. He also pointed out the diffi- 
culty of answering those. I wonder if he has any suggestion about 
incentives toward the answers — for instance, the coming fiuancial 
crises might provide some incentive to answer those questions on 
evaluation, but I wonder if there are any other possibilities? 

Dr. MosACANN. Wo ; I think you have suggested the only answer that 
occurs to me, that the primary incentives to evaluation are budgetary. 
The financial pressures on education today require a more rational 
approach to the assessment of alternatives and the allocation of 
resources. 

Mr. Btiown. You, sir. 

Mr. WiESNER. I am Peter Wiesner, Essex County College. 

From the comments of Mr. Anastasio, it seems that instructional 
design is an integral part of evaluation, and tliat the evaluation of 
course wOrk should begin at the very onset. Onoe materials have 
begun to be developed, they shoul 1 be pilot tested and rigorously field 
tested before they ai*P! ever put out in the market. 

Mv question is. if Government fimds are to be spent for courseware 
for the schools, should we require that products undergo this process? 

Mr. Anastasio. I would be leery of answering that yes or no. I have 
visions of mechanisms that could result that would be bulky and un- 
necesscirily difficult to manage. On the other hand, I would be very 
much in favor of a better shake than now exists for the evaluation of 
materials. 

As Ken pointed out earlier, most of the materials purchased in 
school systems are purchased as a result of the package, or probablv 
the ability of a representative of the company to convince the school 
board that is where it should go. I would like to see us do better than 
that. 

What I'm in favor of is that any project that the Government 
sponsors — and they've been very srood about this — ^have associated 
with it the opportunity and provision for careful evaluation. The Los 
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Angeles study that NIE is sponsoring is now in its 5tli year and it 
en£ in September 1981. At that time we will have data on n nmnber 
of elementary school children who, for a period of 4 years, have re- 
ceived exposure to regular drill and practice exercises. This is with a 
system that was complete when we started, with off-the-shelf hard- 
ware, and the design that I mentioned as being the most robust is 
what we are using. That will give us a good basis for any decision 
about the impact of those materials. 

If Government-sponsored programs could be set up so that the pro- 
vision for that kind of study is made, I would be happy to hear that. 

Mr. Brown. The gentleman back there. 

Mr. !Ratjchek. Steve Ka^ucher, Montgomery County Public Schools. 

I agree very much with what Mr. Anastasio said ; the problem that 
I sense is a Catch 22 situation, the half -life of the technology, which 
has been primarily led by the semiconductor industry, is something 
like 14 months. The requirements to perform careful curriculum devel- 
opment and evaluation exceed that. 

I>o you feel there is a way to bridge this dichotomy, for example, a 
re<juired standardization of software technologj^ from the technol- 
ogist's side that would be required before any curriculum development 
could take place ? 

Mr. Anasxacjio* You make a very good point, and I would be very 
much in favor. As we move to higher level languages in computer 
systems there is more of a chance to get some standardization, and 
though it would be prematui^e to impose on the industry those stand- 
ards now, it would be very nice if we could move to that.^ Of course 
we have it in our TV industry, and we are moving to it in the tape 
industry, so maybe we can move to it with computer systems. Of 
course it is very much against any company's best interest to develop 
something to be used elsewhere, but I would like to say I hope it moves 
that way. 

Mr. Brown. I think some of you might be familiar with the recent 
effort to impose standardization in the .peripheral equipment to com- 
puters which raised a tremendous stink when this effort was made by 
the INBS, and it is a continuing policy x>i*pblem which I am glad you 
are bringing up here. I would very much like to know what the proper 
way to do it is, because you are always accused of inhibiting competi- 
tion when you impose standards, and you have to weigh both sides of 
the equation very carefully. 

The gentleman over here. 

I>Ir. Levy. Allan Levy from the University of Illinois. 

I want to ask an auxiliary question to the matter of stability and 
evaluation. It is not only the nature of the technology that is chang- 
ing but rather the evanescent nature of funding, whether the funding 
be from governmental, university, or commercial. It is usually short 
term anrl there is often a requirement to either evaluate or reapply 
for additional funding just about as the project begins. I wonder if 
there is a way to begin to approach continuity in curriculum develop- 
ment of educational innovation in the same way as there is continuity 
in the more traditional forms ? 

Mr. Anastasio. Another very good point. , 

The project I cited before is a study we are doing in Los Angeles; a 
5-year longitudinal study, and it has taken the full time attention of 
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an NIE program director to see that the budget remained intact for 
tihe past few years. 

One of the problems that has plagued the project in the past is the 
one you referred to, funding for a year or two and then intense pres- 
sure to produce some results. And I guess the only solution I have is 
more stability in the funding of those programs* This would be one 
way out of the problem you mention. 

Mr* Brown. The gentleman in the rear. 

Mr. Caraveliua. Joe Caravella, National Coxmcil of Teachers of 
Mathematics. 

In light . of what we saw with the calculator entering the classroom 
through the consumer market and the calculator not gathering dust 
today, I have some concerns that the business community has now seen 
a method, a profitable method of entering the education business, in 
what we are seeing with the micros at this point. I think that is a 
direct parallel with the calculators. 

I was very interested in hearing the comments of the representatives 
this morning on expanding the definitions of schools. Education does 
not only take place in the schools. In light of contemporary informa- 
tion technologies, all of them, not just the computers, all the various 
games and toys, and materials coming off the market that are de- 
pendent on a great deal more thinking oy children in their very early 
years, could we expand some of our comments to integrated home- 
school educational experiences ? 

Mr. Browin". I think that would take a philosopher to answer. 

Dr. MosMTAN'i^. I will see if I can muddy the question and Ernie can 
p olish it off. 

Wlien Mr. Gillespie asked *ri€i a question earlier I paused as^ to 
whether I should move into another area. One^ of the reasons I think 
higher education ought to be more interested in these technologies is 
for just this reason. Competition from other forms of education may 
turn out to be more practical and even cheaper than formal higher 
education. It is very real; I don't suppose there are many people in 
the education field who realize this yet, out many of the forms of in- 
struction that are now delivered by public supported scliools and par- 
ticularly in the higher level, can be provided and are being provided 
by other means, which turns out to be more economical for tne student- 
Mr. Anastasio. With programs like Sesame Sti-eet and The Electric 
Company we have seen examples where some portions of instruction 
were provided to kids via television, and in each of those programs I 
just cited, children can develop skills and at very low cost. 

I think there will be more opportunity in the future for people to 
become responsible for their own education and that of their children. 
I am not sure I like it right now. What it may be leading to is a further 
split between the disadvantaged of our country and the less disad- 
vantaged. We have the case in a lot of major metropolitan areas, where 
school boards are forced to make cuts in programs they offer, and the 
impact on the community is devastating in the sense that people who 
cannot «*fford to procure the services being cut do without them. Others 
who can afford it go outside to the private sector and are gaining that 
much more advantage or opportunity. I am also entirely confident 
that the private sector people who provide the services are being moti- 
vated by all the same things I would be motivated by if I were standing 
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in front of a classroom. They might not be willing to take all of the care 
they ought to be taking in providing alternate forms of instruction. 
Sut we are clearly moving in that direction. 

Dr. Mos]vcA2^^. I just wanted to make another comment here. I would 
not question or down^ade the importance of the careful analysis such 
as ETS has been domg, like in Los Angeles, but a few of the com- 
ments have led me to remind you that we are also to focus our at- 
tention on the people who are making the decisions. 

In the case of the marketing concept, the people who are making 
the decisions in the schools are using some kind of information. We 
must look at what their problems are and the way they make decisions. 
We must find ways to help them. 

^ Insofar as it is not the educational establishment that makes de- 
cisions about what mode of instruction would be used, the student him- 
self or herself will make it. The person who would like to speak 
French has an alternative of going to the community college or plug- 
ging into the TV set at home. That person is makmg an evaluative 
decision. 

Mr. GiueiB. My name is Howard Greis; I am a lay member of the 
Massachusetts State Board of Education^ and unfortunately I prob- 
ably represent the type of ignorance that makes some of these decisions, 
and therefore you may be saying why is it that packaging sometimes 
makes a difference, and I sit here and I have sat through a number of 
these discussions, and unfortunately the jargon, the length of time it 
takes for studies and this class of things generally makes the great 
majority of the public wonder about the quality of the studies that 
come out. A good example of this is the business of mastery edu cati on. 
I have talked to a number of parents about that, and they say : "What, 
isn^t that what we are always doing ? Or at least, "Isn't that what wc 
should have been doing?'' ITou know, we ought to teach the person what 
we are trying to teach him ; and if he does not learn it, we should give 
him some help in the classroom. This is typical. The same holds true 
recently of a whole series of reports which say that, in essence, the main 
thing that makes success in basics is successful time on task. So a 
parent says to me, "Well, j>r.actice makes perfect, doesn't it?" I think 
that part of the problem Jiere is that the public is making a decision for 
you right now because tKlsy sense the microcomputer represents an 
ability to do a lot of these very simple-minded things, and when they 
hear about longitudinal studies, and all that sort of thing, they throw 
up their hands and say "more educational jargon." 

We went from 3.7 to T.5 percent of the gross national product, and 
they have not seen any significant difference. They say "Hey, what's 
happening here, it's costing money and we have no difference." So 
whether we like it or not, the microcomputer represents something new, 
some possible chance in direction, and T think from my talking with 
people, whether you believe it or not, this is the primary motivating 
force behind all of this, and you're all going to be way behind the 
public unless we find some better way of approaching the whole issue- 
Thank you. 

[Ai>plause.] 

Mr. Brown. I guess that is a rhetorical question, but it is a very im- 
portant point that needs to be made over and over again. But it needs 
to be made in the most positive way, and that is that of expanding the 
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horizon of educators rather than contractinf]^ their horizons, For exam- 
ple, if we are going to make the best use of this technology, and a lot 
of it is piping to be done in the home, the office, or the community, maybe 
we ought to think about how to impact these factors so as to get the best 
educational product out of it rather than just letting it go by accident 
or by the pressures of the private sector to market it as effectively as 
possible. 

The gentleman back there, 

Mr* GrREENiJr. William Greenup, TJ*S. Marine Corps, Education 
Center, Quantico, Va, 

Dr. Mosmann, in your romarks this morning you mentioned severtil 
questions that need to be answered in institutions aboiit computer- 
assisted education, including such things as how much computing does 
a student need, what kind of compxiting, what can the institution do to 
encourage students and teachers to make effective use of it, and then 
you asked how does an institution go about answering these questions 
on their own ? I was wondering in this regard if you or Mr. Anastasio 
could recommend any useful models that exist that would enable in- 
stitutions to identify potentially high payoff areas foi' computer-basott 
instruction. 

Mr. A:NrASTASTO. TVel>. I don^t know how to answer your question; 
some of the most successful projects that exist now are the ones that 
deal with the development or refinement of basic skills or straight 
forward training situations as opposed to more advanced conceptual 
instruction. 

Dr. MosMAxx. I indicated in tlie beginning of my talk that I wrote a 
handbook where I put together the best 1 could find as to liow to an- 
swer these questions. 

Mr. Browjt. Any additional questions ? 

The gentleman back here. 

Voice From Ft.oor, If I may ask un additional question to the Chair? 

Mr. Browx, You may not^et a good answer, but feel free. 

Voice From Fixjor. In view of the recent comments about tlie po- 
tential of the delivery of educational services to thn home via the new 
technological means, what do you think should be the role of Congress 
and the Federal Government in both facilitating development of this 
kind of service and assuring that as it develops, we will not be f iirther 
disadvantaging those who have not benefited fully from our existing 
educational system ? In other words, how can we try to prevent the 
gap between the educational haves and have-nots from widening as a 
result of these technologies? 

Mr. Browi^. Well, the role of the Congress in answering that ques- 
tion is not at all clear to the Congress. We need as much education as 
any other important community playiniz: a role in this technological 
revolution. And of course that is part of our purpose here today. But 
we will approach this in several different ways. One, of course, is to 
try and bring about some structure of regulatory order as to the role 
of the various factors in the market place here; that includes the 
schools, the commercial media, other public organizations and so forth, 
which we have not done yet. 

If we are going to address the fundamental .problem that you raise 
of inequity in society and inequitable access to information resources 
which is merely another phase of the problem of inequitable access to 
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all resources in society, that needs to be addressed through a range of 
initiatives^ including the fundamental one of producing a more egali- 
tarian society; in other words, making economic opportunity more 
available to evex-yone so that to the degree that individuals choose to 
do so tbey have the resources to take advantage of the information 
facilities that exist* 

I am sure all of us are aware of the phenomenon that practically 
every family in this country has access to a television^ set. The eco- 
nomic inequalities do not seem to have precluded individuals even in 
the poorest strata from feeling that their lives would be incomplt;te 
without a television set of some sort. Hopefully we can continue along 
this path by making the demand for information resources and learn- 
ing opportunities as attractive as with access to ^^All in the Family'* 
or whatever else it is that they happen to be using their television for. 
That, of course, gets back to even more fundamental questions of how 
do you motivate people to want to acquire knowledge, information, 
learning, so that they may play thft role they are potentially capable 
of in the society. 

That question goes far beyond the question of this technology, I 
don't think that the course is going to be the Federal Grovernment 
deciding that everybody shoulrl have o. computer and subsidizinqr poor 
people to acquire computers. We have done similar thin^ in limited 
cases; for example, we are spending a quarter of a billion dollars a 
year to make sure people don't freeze to death because of the high 
cost of heating oil, but I don't think we are going to put computers or 
learning technologies in that same category. I think we will have to 
address the more fundamental problem of inequality in society. That 
is about this best answer I can give to that very profound question. 
IDo you gentleman care to offer your own suggestions ? [no response] 
Mr. Brown* This does bring us to the magic hour of 10 :30, and the 
people who want to set this room up for lunch are eager to get into the 
room, so we will call a halt at this point to this phase of the seminar 
and we will proceed to our smaller group meetings. 

AFTERNOON SESStON 

Kecommenoations op AVorksttoi" Discussion Groups 

The subcommittees met, pursuant to notice, at 1 :30 p.m., in room 
345, Cannon House Office Building, Hon. George E. Brown, Jr., chair- 
man of the Subcommittee on Science, Research and Technology, 
presiding. 

Mr. Browj^. The subcommittees will come to order. 

The waiters will come to order. Everybody else will come to order. 

This afternoon we will have the opportunity— I will have the op- 
portunity to learn what has developed out of our deliberations here 
and for that purpose we have the chairman of each of the six work- 
shop discussion groups who will give us a brief, we trust about 10 min- 
utes each, digest of the results* of their workshop discussion. Then after 
each one, if we are rigorous, we may have about 5 minutes for ques- 
tioning from the audience, and if we keep to that schedule we will be 
able to finish somewhere close to our programed 3 :30 ending time. 

After each of the discussion groups has made their reports, we will 
ask Bob Chartrand of the Congressional Research Service, who is our 
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resident expert on information systems, to make a few smnmary re- 
marks and that will conclude our seminar. 

Now we will take the panel in order and our first will be the Ele- 
mentary-secondary Education group which was chaired by Dr- George 
Hiitman, who is staff assistant for the Bureau of Computer-assisted 
Instruction at the Chicago Board of Education, 

Dr- liitman^ would you mind using the podium up here. 

EtElOarrABY-SECOlffDAKY EDUCATION: PRESENTED BY DE, 
OEOBGE H. IiITMAUr, STAPF ASSISTANT, BXTEEATT OF COM- 
PUTEB-ASSISTED INSTBUCTION, CHICAGO BOABD OE EDTJ- 
CATION 

Dr. liTTMAi^, Thank you, Mr. Chairman* 

The contributions of men and women who particii:>ated in the Ele- 
mentary-Secondary Education Workshop yesterday and this morning 
were invaluable to me and made rhis presentation possible. I would 
like to take this opportunity to thank all of them for their dedication 
to^ the improvement of education. However, trying to summarize 
within 10 minutes the diverse opinions of the 33 different participants 
at the workshop requires a technology that has not yet been invented. 
iTet, I will attempt to do just that by summarizing the major concerns 
of the participants and then humbly suggesting some possible Federal 
action to mitigate those concerns. 

The worktop on Elemental^ Secondary Education wants to 
make it clear that information technology in the public school sector 
falls into two maior categories. That is, mformation technology plays 
two important roles in public education today. 

On tne one hand it is the object of instruction, and on the other it 
is the tool of instruction. These two roles are very distinct ; they result 
from different needs, present different problems, and permit different 
solutions. 

As the object of instruction, I refer to what is commonly called 
computer literacy and what was yesterday eloquently called computer 
comfortableness- The computer is an integral part of the American 
economic system. It runs the subways, keeps our bank accounts, sends 
us bills, and computes our paychecks- It is clear that every citizen 
should understand the general principles of information science.. Com- 
puter education at the elementary and secondary levels is therefore 
desirable and feasible* However, the following concerns arise during 
the impleme":itation of such a program. 

First, there is a concern about the equality of opportunity. That is, 
liow are we to expose students equally to such technology. This infor- 
mation and communications technology explosion has already and will 
continue to shatter the concept of the classroom as the center of learn- 
ing experience. Learning experiences in the home, the libraiy, the 
museum, and the shopping mall are not equally likely to happen to all 
children. Present financial and marketing resources of schools favor 
specific subpopulationa. 

Second, how are we to provide the necessary training and retraining 
of teachers of elementary and secondary schools to permit them to 
understand and use the new available technologies. This sudden explo- 
sion of lemming technology has left the majority of teachers in the 
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schools with little knowledge and/or experience with the new tech- 
nologies. During the formal learning periods of the majority of teach- 
ers these modem information technologies did not exist and no effort 
has been made to bring this knowledge to them. 

Third, how are we to provide the training and retraining necessary 
to permit enlightened decisionmaking by administrators and "para- 
educators" — ^those people involved in education but not directly in 
schools, including members of this subcommittee. These educators, like 
teachers, are in desperate need of knowledge about the capabilities of 
the new information technologies, but unlike teachers, are not fre- 
quently involved in inservice or continuing education programs. 

The second major role in education for technology is as a tool of 
instruction. As a tool of instruction, I refer to what is commonly called 
computer-assisted instruction or CAI. Whether viewed as a network 
with a large-scale computer system with large numbers of terminals 
or as individual microprocessors, the issues of concern were much more 
complex than they were for the first category. The four major concerns 

were: . . -l i 

1. Reducing the further separation and polarization of the popula- 
tion because of the new technology. This technology, in the form of 
the home or hobby computer, has already made a tremendous impact 
on the home and school market. However, this market generally rep- 
resents the affluent, the "haves," the suburban school. It has not made 
an impact on the poor, the "have-nots," the city school. The result is 
that the benefits of CAI will not accrue to those who most desperately 
need them. . . 

2- An issue which every previous speaker has mentioned that has 
to do with the quality of the curriculum. For example, we have now 
in existence hundreds, maybe thousands, of CAI lessons that have not 
been validated. Most of them have been written by classroom teachers 
arid/or their students for use in their own narrow environment. There 
is, at present, no way for a prospective user to know if these lessons 
do what they purport to do or even if they "run" properly. There exist 
almost no curricula, that is, groups of related courses. 

3. Concern about information about information technology. The 
public needs to be informed of the impact of information technology 
in the schq^s and in their own world. Educators need to be informed 
about the availability of materials and the uses of such technology to 
improve both its accessibility and effectiveness and to reduce their 
fears in regard to job security and the dehumanization of education. 

4. Perhaps the most important concern is that the private sector 
already has a foothold in all the school systems of this country, and 
we need to move quickly to prevent a catastrophic purchase of mis- 
understood, misused, and misrepresented devices and associated course- 
ware. In a new field that lacks direction and standardization, school 
systems are ill equipped to examine and evaluate sophisticated devices, 
exaggerated claims about curriculum, and promises of economic sav- 
ings and increased academic achievement. 

Though the Elementary-Secondary Education Workshop has very 
few, if a'ny, specific recommendations to resolve the concerns and ques- 
tions raised above, we generally urge the Federal Government to 
encourage the incorporation of contemporary information systems in 
public education. 
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More specifically, we offer the fcli^'- Ing suggestions : 

1. Grants, categorical grants to help narrow the differences between 
the "haves" and "have-nots" in terms of acciuiring hardware and sof t- 
ware. In addition, these grants could include requirements that would 
make subtle but important changes in the direction that the growth 
of information technology is now taking. These subtleties could be 
clauses requiring validation data of courseware or curriculum soft- 
ware, evaluation, and description of previous uses of such software, 
cost effectiveness data, and so on. 

2. Increased NSF, ESEA, and other grants specifically aimed at 
providing teacher and administrative preservice and inservice train- 
ing and retraining in the areas mentioned. 

3- Federal support of a network of State and local agencies — some 
already exist — that would serve a role in evaluation, validation, and 
dissemination of information regarding hardware and software in this 
new and ever-growing field. 

4. A tax incentive^ program to encourage the role of private institu- 
tions in the application of information technology in public education. 
Many possibilities exist such as the exchange of personnel with school 
systems, sharing of equipment, loan of personnel, and so on. 

I would like to close these remarks without making more specific 
recommendations. To create a long list of possibilities would serve no 
useful purpose but rather would clutter an already confusing field. 
The four recommendations above are economically conservative, phil- 
osophically realistic, and in line with the Federal Government's past 
role in education. They would require no significant changes in the 
direction of Federal involvement in education nor would they require 
the adoption of radically new legislation. 

Finally, on a personal note, I hope I have spoken for all of the mem- 
bers of iElementary-Secondary Education Workshop with integrity 
and responsibility. I urge all those listening or reading this document 
to keep in mind the talent in the public schools of this country- Too 
often, the elementary and secondary schools have been left to imple- 
ment programs developed elsewhere resulting in a lower achievement 
of the goals set forth during the planning of such programs. Embrac- 
ing the professionals in the public schools as equal partners in the 
planning and development of educational enhancements such as the 
application of new technologies can and will result in more realistic 
programs and greater achievement. 

Mr. Brown*. Thank you very much. Dr. Litman. 

At the risk of saying something that will discourage the succeeding 
chairmen, I want to say to Dr. Litman that that very succinct summary 
was of ^ tremendous value to me. It seemed to me to present the key 
issues in a very logical, well-thought-out way, and I am not sure 
whether that reflects the fact that you had an unusual group that 
thought logically and came to conclusions or whether you just digested 
it well. But I was very much helped by that presentation. Dr. Litman, 
and I want you to know that. 

We will take one or two questions, and I will try to be as disciplined 
as possible about that. Would anvone care to ask a question that would 
help to clarify this report ? I will not f ox'ce this opportunity on you, of 
course. 

There being no questions we will proceed to the next x^eport. 
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The Postsecondary Education group was chaired by Dr. Karl 
Zinn, a research scientist at the Center ±or Research on Learning and 
Teaching, and we welcome you Dr. Zinn. 

POST-SECONDAKY EDXTCATION: PKESENTED BY DR. KARI. L. 
Zinn , CEHTEK EOR BESEABCH ON I.EARNINO AND TEACH- 
ING, UNIVEBSITY OE MICHIGAN 

r>r. ZiNK. The working group on Postsecondary Education has pre- 
pared a comprehensive and well organized statement which speaks for 
itself. So I would like to call your attention to tlie personal nature of 
the benefits— or the negative side effects — of increased use of informa- 
tion technology in education. Indeed, each of us should think through 
those experiences which define the personal dimensions of the effects 
of what we have now proposed at these hearings. The measure of suc- 
cess of new programs for information technology in education should 
be taken not just in terms of dollars, or units of equipment, or num- 
bers of students exposed to computers, or the quality of the curriculum 
materials. We have to consider the impact on people and on their 
lives, the secondary effects as well as the intended primary ones, and 
the negative as well as the positive. , ^. , 

The efforts of our workmg group were very productive, and we were 
assisted most effectively by staff at all levels. Typists helped us through 
three successive drafts of our recommendations and arranged dupnca- 
tion so that all members of the postsecondary group have m their 
hands a current copy of the statement which we would iike to enter 
into the record. But for the time limitation, I would tell how informa- 
tion technology could have eased the burden on staff and participants 
as we worked together to deliver a useful formal statement which all 
of us could support. x 

In my informal statement, I would like to represent sorne of tne 
substance, without reading from our written recommendations, and 
convey some of its significance as reflected in my personal expeiiences. 
However, each of you will have to look into your own experiences for 
corresponding feelings of satisfaction or frustration, and make your 
own judgments about impact of information technology on post- 
secondary education- - ^.-u 

It need not be stressed that the general public recognizes the ex- 
plosion in technology and information as a problem. But we in higher 
education must take as a challenge and an opportunity the need to 
guide these developments, and to help integrate them into the domain 
of education and training throughout society. The new teclmologies 
introduce qualitative changes in our intellectual lives which will have 
widespread impact on society and individuals. 

Professor Licklider, in his testimony before this subcommittee yes- 
terday, characterized the improved access to information resources 
from the perspective of an individual student in the 1990's. I have seen 
such students in Ann Arbor, some of them dropouts, or nearly, from 
the local schools, discovering the wealth of information and leverage 
of information processing available to them through new tech- 
nolo^es — students who are taking new initiative for their own learn- 
ing, communicating bv means of computer aids with other learners, 
practitioners, and scholars. In my daily work I share an information 
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system such as Ijicklider described, although so primitive in compari- 
son you might not recognize it as conceptually similar. I have, how- 
ever, experienced the joy of learners of all ages sharing their explora- 
tions and have observed the appreciation of college professors for writ- 
ten contributions to a computer-based seminar made by participants 
they have never seen, participants whom only I knew still to be in high 
school. 

Our working group stated unambiguously the need to provide access 
to underrepresented groups: social, economic, and ethnic minorities; 
women; handicappers ; and the elderly. I could tell stories about in- 
formation technology in education concerning friends and associates 
in each of these categories, and probably many of you could as well. 
It should be enough to sketch for you one instance in which the opportu- 
nities for communication, education, and a career opened up for a stu- 
dent in a class I taught in Grand Rapids. He came in a wheelchair 
without voice or keyboard to communicate with me. He now carries 
on his chair a personal computer which provides spoken voice and 
text display, and it allows him to enter, organize, and retrieve informa- 
tion as he needs it for communication, study, and professional work. 
Already a good computer programmer, some day he will be an excellent 
system designer* 

Jim carries his personal computer with him on his battery-powered 
wheelchair* So his computer also needs to take its power from the 
battery and be rugged enough to handle the range of temperatures 
and moisture wherever he goes. It needs a lar£2je memory to store the 
vocabulary of words and phrases he would like to speak, as well as 
computer programs for personal convenience, and information to have 
at hand. 

A voice synthesizer has been added to the computer so that whatever 
Jim wants to say can be spoken by the machine. He assembles words 
and phrases, directing his computer with a foot pedal, since that's the 
part of his body over which he has good control. The text of what he 
wants to say appears on a small screen mounted on the arm of his 
wheelchair. When it's right, and when he has the attention of his 
listener, he directs the computer to speak, at a normal rate, the entire 
utterance. It might be just *^How are you?" or it could be the speech 
for a national conference on communication aids for handicappers. 

Jim has a fine mind, and his brain works well in all respects except 
motor control. He is a student at Grand Rapids Junior College and 
plans to attend Michigan State University next fall. One of liis cur- 
rent interests is design of information systems. Probably he'll have a 
chance to work at the artificial language lab at MSTJ, the same group 
that helped him gain a voice. 

An important point to make is that the same technology that helps 
us communicate for recreation, or for business^ may be a necessity for 
someone who has been denied some basic medium of communication 
such as speech* But further, and this is more subtle, what is leamed 
from helping those with severe handicaps often can be applied by help- 
incr the rest of us with our minor handicaps. 

Higher education will take a leadership role in education and train- 
ing, now going directly to the public as well as carrying on the insti- 
tutes and regular academic programs which have been helpful in the 
past. Computing technology is advancing rapidly, and the industry is 
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pushing new products too fast for people to master them, with new mar- 
kets opening up, increased expectations about computer use in many 
jobs, and accelerating sales of small computers to nomes, offices, and 
schools. Again reportmg my personal experience, which must be simi- 
lar to that of many of you here today, teachers and administrators 
from schools and colleges are seeking help in whatever form can be 
arran^d quickly and economically. Without more resources, the uni- 
versities in my State cannot respond effectively. The technology and 
its marketing far exceed the available programs for faculty 
development. 

I>r* Heuston, Dr, Johnson, and others presenting testimony during 
these 2 days or hearings emphasized the importance of quality cur- 
ricula in acceptance of new technologies. Federal programs are 
needed to encourage development and validation of exemplary cur- 
ricula, software and systems. Long-term research will extend modes 
of communication possible between learner and information systems, 
and among learners using the systems. 

Information will be represented with improved graphic and audio 
means, using networks and other three-dimensional and dynamic struc- 
tures. Computer assistance will help learners arrange multiple views 
of text and graphics. Problem-solving skills will expand in more direc- 
tions than can be anticipated. Artistic creations will similarly be ex- 
tended beyond our present abilities, to comprehend and appreciate. .! 
know young designers who are discovering new opportunities, and I 
have seen the world of ci'ea^ive design and music composition opened 
up to those previously excluded by lack of skill or by physical handi- 
cap. 

JDissemination of information and ideas about technology in educa- 
tion received thoughtful attention in the recommendations of our 
working group. We attempted to deal with the need for transfer be- 
tween disciplines and throughout communities of researchers, and from 
the laboratories to the classrooms. A story I cannot take time to develop 
involves my participation in a research community even while travel- 
ing this week. Last night in my hotel room I stayed up an extra hour 
or two to interact with people;* I work with who also use the University 
of Michigan computer for writing and communication. I hooked up 
my portable (that is, a user console) by telephone, making a local 
phone call into a national data network that easily connects to the 
Michigan network and into my university's computer. In addition to 
carrying on some universitv business by electronic mail, I obtained 
comment on the background material for our working group which I 
had posted on an "electronic bulletin board'^ earlier in the week* And 
next week I expect to collect comment on the group report we submit 
today, using the same electronic communications (some call it com- 
puter conferencing) to extend the reach of our working group. 

Our recommendations include a number of specific and immediate 
actions. If I had time I would tell some stories about how clarification 
and perhaps change of some regulations bearing on copyright, com- 
munications, and educational subsidies could do much to help develop- 
ment of important new tools from information technology for educa- 
tion and training. For example, I know people with excellent ideas 
and innovative products who are giving up for lack of copyright 
protection* 
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I should like to close my i>ersonal remarks by reminding each of us 
to think about the important themes? that have been treated in the testi- 
mony at these hearings^ and in our own working groups. For example, 
I am particularly concerned about access to information resources, 
quality of materials for education and training, and individual initia- 
tive and responsibility. 

Furthermore, I should like to remind us to explore the resources 
mat will be needed to meet the challenges. I am especially interested 
in making; good use of the people resources which are so important to 
maintaining human values and humane use of technology. 

AVe should also re\'iew the recommendations of hearin^^ in 1978 and 
1977, and recommendations of study groups published in 1975, 1972, 
1970, 1967, and 1966. Useful information and good advice have beei: 
accumulating for over 15 years; we are developing some consensus on 
what needs to be done* Clearly, it is time for action, but more actions 
than can be carried out by Congress and the executive branch. Each 
of us should assume some responsibility for carrying the important 
ideas back to our own communities and into our professional circles 
where they will do much good for education through the wise applica- 
tion of information technology. 

Thank you. 

FApplause.] 

The final report of the working group on post-secondary education 
follows : 



An explosion in technology and information is recognized by the general public 
as a problem, but should be taken a.s a challentje and opportunity for hi^irher edu- 
cation in the United States, The rapid growth of information technology needs to 
be managed and put to use rather than just left to continue unguided. Working 
with future leaders and trainers, leaders in higher edueatif^n have ?. unique op- 
portunity to guide the latest technological developments and help vhem expand 
into and become integrated with the larger community. This will require coopera- 
tive effort among all levels of education and various governmental bodies. 

Information society 

The application of new technology has become more than a matter of replacing 
old tools with new, speeding up the transmission of information, and clian^ing 
the video picture from black-and-white to color. The new technologies introduce 
qualitative differences into education and society, just as the automobile and air- 
plane changed more than the rate of travel ; but the qualitative changes in our 
intellectual lives will be of more widespread impact on society and individual 
well being. 

Our society is becoming an information society. Already we witnessed the 
shift in workers from farm to factory, and now from factory to services and the 
knowledge industry. The shift to the new society provides higher education 
with several challenges. 

(a) To improve the effectiveness of education through the use of the new 
tools for information technology ; 

(b) To confront the issue of social change through research contributions; 
and 

(c) To provide leadership (and train new leaders) for the transformation from 
Industrial to knowledge society. 

A significant benefit will be improved access to the total information resources 
of higher education — intellectual as well as technological — -through the new 
information and communlcatTon technologies. At the same time we must aid In 
identifying the potential abuses and the factors which may limit the productive 
use of information resources. 
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The government, working with Institutions ot higher education to provide ac- 
cess to information technologies for uuderrepresented groups (handicapped* el- 
derly, women, and social, economic, and ethnic minorities), needs to ensure that 
existing opportunity gaps disappear rather than widen. 

For the benefits of information technology to be realized iu our society through 
an orderly process, higher e<lucation has an essential role to play involving re- 
search* teaching, and service functions. 

nOENTIFICATION OF ISSTTCS AITD GOATS 

Educati€m and training 

The primary needs for education and training regarding information tech- 
nologies are : 

(1) To develop leadership in all departments of each college and university in 
using information technology ; 

(2) To train the faculties who educate primary and secondary school teachers ; 

(3) To provide continuing education for teachers in the field who are expected 
to incorporate use of computers into instruction ; 

(4) To provide education for adults and their children to make effective use of 
computers in their pers>onal lives ; and 

(5) To provide education for those who make decisions '"nd set policy (includ- 
ing the private sector as well as the public), giving special attention to under- 
standing the dangers as well as the opporttmities of the technology. 

One activity requiring federal funding is the holding of summer institutes on 
innovation in teaching with specific emphasis on the application of information 
technology. Some institutes would emphasize specific disciplines and others cer- 
tain technologies. One of these institutes should focus on evaluation of 
effectiveness. 

Another set of institutes would address the continuing education needs of public 
school teachers and those administrators who wish to incorporate the use of 
information technology into their classrooms and schools. The administrators 
need assistance tn deciding which system to purchase or to rent, and in guiding 
effective use with students* 

Finally, in an effort to provide wide public access to computers and information 
technology, we recommend the establishment of information centers in locations 
such as public iibrariC:?>. These would provide assistance for : (1) access to infor- 
mation resources in educational institutions, libraries and the private sector ; (2) 
use of computers for self -education ; (3) use of government procedures and docu- 
ments (IRS regulation, qualifications for food stamps^ etc.) ; and (4) use of com- 
puters for fun* 

Long-term developn>^nt and reaedrch 

Testimony emphasized that the availability of quality curricula will determine 
the extent to which the new technology w*ill be integrrated into the learning 
process. The Federal Government should establish support programs through ex- 
isting agencies such as the National Science Foimdation and the new Department 
of Education to encourage research, development, and validation of exemplary 
curricula, software and systems. 

We define exemplary curricula to include a statement of the learning strategy 
employed, content, mode of presentation and mechanisms for evaluation. Software 
is the vehicle through which the curricula can be imbedded iu and delivered by 
various fOTx^B of information technology. Systems include combinations of soft- 
ware and hardware products to facilitate lesson development by all interested 
instructors. The specific form of the funding program is not critical, but it should 
consider funding individuals, private corporations, non-profit organizations, and 
institutions of higher education. Possible funding approaches should encompass 
grants-in-aid, guaranteed loans, contracts, tax incentives, etc. This funding should 
be provided on a continuing basis so that long-term development and research can 
be supported. 

The uses of an open university as a development center for information tech- 
nology in education r^hould be explored. 

Diaaemination 

Federal programs should facilitate the dissemination of information tech- 
nology systems to accelerate the flow of H&E) fiqdings into education. A dis- 
semination program should include investigation of the factors which enhance 
or hinder diffusion of the new technologies. 
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Olssemlnation sboold also foster teclinology transfr between disciplines and 
amons different groups of people and the transfer of technology from the research 
laboratory to the classroom. 

The Office of Dissemination (under the Assistant Secretary for Research and 
Improvement) in the Etepartment of £]ducation could be charged with the re- 
sponsibility for these activities, working with the agencies supporting specific 
programs. 

AvaOahiUti/ of resources 

Federal programs should support equipment needs in the use of information 
teclinology in higher education. Information tec^mology projects or programs 
that involve lai'ge initial capitalization or large investments are beyond the 
ability or inclination of support by one or a few schools. One example is the 
provision of satdJite services for nationwide delivery of information technology 
service. 

Federal policies should encourago private agencies to provide resources to 
higher education by providing motivating benefits. One possibility is in the area 
of special tax relief for equipment gifts to universitiest provision of access to 
facilities or assistance of specialized staff. Another area is special concessions 
to encourage cable operators to supplement imiversity services with additional 
equipment and/or facilities. 

SFSCiFio ArrD i3£3d:EDiATE: ACTiorvs 

JDsmonstrations 

Many compelling applications can presently be brought together to demon- 
-^trate-theTWtentlal of these information technologies for education. These demon- 
strations require the investment and participation of more than a few educa- 
tional and management institutions. We recommend that the Federal Govern- 
ment facilitate large scale demonstrations of combinations of information 
technology. For example, there is a need to explore on a larger scale the applica- 
tion of computer technology in ^combination with videodisc, satellites, cable, and 
other Informational technologies. Structures for systems of interlnstitutional 
cooperation also need to be explored. 

Reffulation, latos, and. procedures 

A Federal task force should examine existing regulations to determine how 
these regulations can facilitate the realization of the identified goals and how 
these regulations might, in fact, inhibit their achievement.-a?hese-regl]lations in- 
clude tax laws, copyright laws, communications regulations, antitrust policies, 
educational subsidies, and existing agency practices. 
Ottffoing studies a/nd activities 

The Federal Government, through appropriate actions of both Congress and the 
EixecuUve Branch, should formulate specific programmatic efforts including on- 
going surveys and studies to accomplish ti^ above goals. 

These programmatic plans should include the submission of reports to the 
Congrress at suitable intervals from the concerned agencies in the Executive 
Branch: the IDepartment of Education, the National Science Foundation, the 
Advanced Research Projects Agency, the Office of Naval Research, and the 
Army Research Institutes, These reports to Congress should include the establish- 
ment of programs for support of the above goals. 

Since this field is changing so rapidly it is essential to have ongoing studies of 
the uses of information and communication technologies in higher education and 
to inforra the public of the potential of these new technologies. The leadership 
role in the conducting of the surveys and studies should be taken by the National 
Science Foundation and the Department of Education with the advice and con- 
sultation of ONBt ARPA, ARI, NTIA, and other relevant: Federal agencies. 

Mr. Brown, Thank you very much, Dr. Zinn. 

I know the shortness of the time prohibits covering everything that 
needs to be covered,^ but you will have the opportunity to amplify in 
a written report which will go into the permanent record. 

Any c][uestions of Dr. Zinn ? 

All nght — I am not trying to frighten you, if you really have some 
questions. 
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[No response.] 

Mr. Brown. If not, I will deviate slightly from the order and call 
on Mr. Joseph Becker to report on the discussion group on Public 
Planning for the Information Society. 

I am happy to welcome Mr. Becker who T just found out is practi- 
cally a neighbor of mine, since he comes from southern California also. 

We are looking forward to hearing your report, Mr. Becker. 

PUBLIC PI,ANHING POK THE IKPOIIMATION SOCIETY: PKE- 
SEHTED BY JOSEPH BECKEB, PRESIDENT, BECKER & HAYES, 
INC. 

Mr. BBCK32R. Thank you, Mr. Brown. 

Good afternoon, ladies and gentlemen : I must conf €>ss that I got into 
the field of information teclmology by mistake. And, what is worse, it 
was a machine error. 

In World War II, I was a tank platoon commander going to Italy. 
Somehow the Pentagon coded my IBM qualification card as if I were a 
Japanese linguist. When the punched card error was discovered, rather 
than admit it, they put me in charge of certain intelligence informa- 
tion files plus a room full of IBM machines. 

I applied the machines to the information and thus, in 1946, began 
my interest in information technology. 

I have watched the field grow over the years and am pleased to be 
here today to tell you about the findings and conclusion of Working 
Group 6. 

What we did before we began our deliberations was to try and sum- 
marize what we heard at the confere7i::;e during the last 2 days. Let 
me share our list with you : , _ . ^ 

First, information technology amalgamates three technologies : com- 
puters which can process information very fast; communications tech- 
nology, which can distribute information more widely than ever before ; 
and audio- video technology, which combines the various media into 
a single format. The convergence of these individual technologies, we 
were told, is creating a new information environment in our country 
affecting not only our educational systems but also other aspects of 
our national life. 

The role of the teacher is changing. He or she must learn to under- 
stand the new information technology and find ways of apjilymg it. 

We heard that information technology may be ushering in a new 
age, an information age, and as Daniel Bell tells us, an increasmg 
share of the GNP is being devoted to the production of knowledge. 

We also heard about the collapsed time scale of technolo^cal change- 
Change is occurring so fast today that we hardly have time to plan. 
An information tewinology generation is now measured in terms of 

14 months. • 

Another point developed during the conference was that informa- 
tion technology is the handmaiden of productivity. -It provides us 
with a chance to augment national growth. We also heard that infor- 
mation technology deserves a high national priority, and were told 
that the Congress is more aware and more interested in the topic than 
ever bef o?e. ; Som^ ' at the conference felt we should begin treating 
information as if it were a national resource. 
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Information technology isn*t coming, it's already here. It is hap-- 
pening in spite of all other factors and it will soon be democratized. 
The ^ord "democratized" was used over and over again. An inter- 
esting article appeared in this morning's Washington Post. It de- 
scribes how t!ie microprocessor "chip" will democratize information 
technology in the United States. 

Working Group 6 talked about the technology. We concluded that 
information technology is apt to touch people three ways : 

First, it affects the way citizens access information resources, 
whether by networks or other ways, it implies greater control over 
content and quality. Adopting imwise policies now could cause great 
inequities in terms of who is able to access what in our society. 

Second, as far as the technology is concerned, it. brings information 
directly into the home in an interactive sense. Every den in a house is 
a potential home information center. Personalized TV instruction may 
very well bypass traditional school methods as individuals in the home 
choose tho things they want to learn. 

Third, technology equates with microprocessors. The j semiconductor 
chip can develop significant educational abilities. Something new in 
education is coming along, we don't know what, but -p-e have a feeling 
it relates in some way to the television set, the home, and intelligent 
ter min als. 

"What is the problem?", we asked. Well, im^less information tech- 
nology is introduced responsibly, we will miss a great opportunity in 
this country. Unless we face the problems presented by information 
technology, we risk losing the technclo^cal advantage we now possess. 
Unless we act with dispatch we are in danger of introducing in- 
compatible systems of machines, rather than systems of high educa- 
tional quality. 

Information technology is not just another Government problem. It 
is a national phenomenon. One that is multidimensional and cuts across 
all aspects of our Grovemment and national life. 

The application of information technology to education raises diffi- 
cult questions: Will emerging systems be compatible? Will users be 
charged for the inf oi-mation they access and use ? What is the role of 
the Federal Govemn;ent? Are community research centers to be en- 
couraged? In what ways will the introduction of new information 
technology change the traditional structure of American education? 

'ThesQ questions have been asked before, and even asked before* the 
Congress, but the^ have nob been adequately answered. A national 
policy is needed and our working group identified the following issues 
as being important for congressional attention : 

The first is creating a nationwide network. JDr. Zinn spoke of this. 
We need a focal point to coordinate and facilitate the deployment of 
educational .information networks. We need to insure that such net- 
works are broaV'-band, nationwide and accessible to all segments of 
the population. We need to interconnect our schools, libraries, and 
other ctouters so that they become intcrdepenc^ iit partners in the shar- 
ing of knowledge. 

The second issue is defining or pliiiining the Federal role. We need 
to designate an entity in. Government and assi^ it responsibility for 
designing and developing policy on the utilization of information 
. technology in education. 
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As recognized by our group, these problems involve many Federal 
agencies and many segments of the public and private sector. All of 
the interests of all of these parties must somehow be represented- In- 
formation technology competes with traditioiial forms of delivery in 
its effectiveness and social consequences. Accordingly, evaluation tech- 
niques which take into account both economic and social consequences 
as well as the quality of materials must be devised. 

So our first two issues were: creating a network, and defining the 
Federal role. The third issue we discussed was equalizing access to 
knowledge. 

Everybody, regardless of his or her geographic location or economic 
circumstances must have an equal opportunity of access to knowledge. 
"We need to apply the same legal and statutory language which has 
governed the development of public education in the United States to 
information technology. 

The fourth social issue is protecting intellectual property and en- 
couraging the private sector investment. We need to devise meand f cr 
compensating authors and publishers. We need to insure that such pro- 
*;ection does not restrict citizens from enjoying the maximum benefits 
offered by the new technology. We need to \;niinciatc principles pro- 
moting the creation of educational products and services of high qual- 
ity. And, we need to encourage the private sector, to continue to in- 
vest in technology as it has and is currently doing. 

The issue of standards was also discussed. Our group f'^lt that we 
needed involuntary standards to guide the compatible development of 
technology without inhibiting innovation, a most difficult assignment 
for any legislating body. 

Another issue : Consolidating information about information tech- 
nology. Because developments are occurring so fast, we need to estab- 
lish some kind of a clearinghouse. Some thought this should be an "on 
line" data base available through a computer network or service. The 
clearinghouse would also play a role in the development of educational 
applications in information technology. We believe such a clearing- 
house would reduce a good deal of redundant effort, and that the need 
for such a clearinghouse is critical. 

What initiatives do we suggest for the Congress? We recommend 
the following steps be considered : 

We recommend that the Congress create a permanent national com- 
mission on information technology. There is a bill before the Congress 
to do this but I don't believe it calls for a permanent commission. The 
commission could provide a forum for formulating and deliberating 
relevant national policies and for monitoring policies once they were 
in effect. No such forum currently exists. 

We recommend the Congress advise the Secretary of Education of 
the potential significance of information technology- to education and 
that funds be provided for relevant studies, demonstrations, clearing- 
houses, et cetera. 

Our third suggestion : We recommend that a person experienced m 
the field of education technology be appointed to serve on the Tiiter- 
govemmental Advisory Council of Education.. This is the new body 
which will advise the Secretary of Education. 

Next, we recommend that new legislation be drafted that will enable 
libraries to form a national network of knowledge, and chat the inter- 
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state portions of this network be funded and coordinated by the Fed- 
eral Government* 

And finally, we reeommend that the Congress designate a smalJ 
group^ perhaps a subset of this group, to meet again in 3 months time — 
we can't wait a year in this rapidly evolving field — to report on prog- 
ress and provide whatever input would be beneficial to the Confess. 

The above constitutes the sum and substance of Working O-roup 6 
deliberations. 

f Applause.] 

[The final report of the working group on Public Planning for the 
Information Society follows :] 

Repobt of Workino Group VI, Public Pi*anning 
For T£C£ Information Soctetx 

Information technoiogy amalgamates the capabilities of computers, communi- 
cations, and video. Computer technology enables information to be processed^ at 
high speeds; communications technology provides the means for distributing 
information widely to people and institutions ; video technology allows informa- 
tion, sent from afar, to be presented in a convenient audio-visual format- 
Currently these technologies are converging rapidly to change dramatically the 
way information is stored, retrieved, sent, manipulated and received. The possi- 
bilities for their application to education are innumerable and complex. Some 
theorists believe that technological change will usher in a whole new Information 
Age. And, how information is handled in this country, they say, will determine 
to a large extent the quality of the decisions our people make and the nature of 
the lives they lead. The task at hand is to choose responsibly among these varied 
options, so that we will not only be able to live with, but also to benefit maximally 
by the technology we emphasize. 

One way to organize the nation's disparate educational information systems 
would be to create an electronic network to interconnect them. Though the 
transmission of information over a network has been considered costly, new 
developments in communications such as fiber optics, packet switching, and 
direct broadcasting satellites portend lower communications costs. As more and 
mo'-e electronic arteries are established between libraries aud educational centers, 
th« ?:otal knowledge resources of the country might one day become utterly acces- 
sibVs* to students and inJ^ucators no matter where they live. 

But even a commitment to a national knowledge network does not greatly 
simplify the challenge of choice, Jn the future, information in educational set- 
tings will be manipulated and permuted as never beforci These changes relate 
chiefly to the developments that continue apace in the computer field* Computer 
manufacturers are already building ^'intelligent terminals*'. These have greater 
stand-alone power and memory than their antecedents. For example, they will 
most likely be able to accept instructions, perform tasks at pre-designated times, 
and revise heuristic strategy as research progresses* 

In time, it is conceivable that vi tually every student will have access to an 
intelligent terminal, perhaps no larger or more expensive than a personal cal- 
culator. It will put both computing power and communications capability at his 
fingertips. If not a brain and communications center in every hand, then one in 
every home : not to be outdistanced by developments in computers, elements of 
the burgeoning home electronics industry are readying a line of interactive ter- 
minals that will bring knowledge resources directly to the den. It is possible, 
eventually, that every home TV set will be uniquely addressable, like the tele- 
phone, and the time-sharing of videodisc memories will become commonplace. 

Obviously, such changes in information technology and its application to edu- 
cational endeavors will generate difficult issues of public policy. Which systeuis 
are most useful? Can they be made sufficiently compatible? WiU users be 
charged for the knowledge resources they access in a society that has tradition- 
ally held information ' o be a public good? 

What is the role of the federal government in the deployment of networks? 
Are community resource centers to be encouraged as well? In what ways will 
the introduction of new information technology change the organizational struc- 
ture of American education? 
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Though these questions have been asked before, and asked before the Congress, 
they hnve not been adequately answered, A coherent policy, consequently, has 
yet to be devised. Toward giving Congress a better gri^rsp of these questions, 
our Working Group was convened, and from its deliberafMons offer this report. 



(a) Information technology amalgamates the capabilities of three sub- 
technologies— computers, communications, and audio-video technology. 

(b) Convergence of these technologies is leading to a totally new information 
environment in the country which is affecting education and other components of 
our society. 

(c) The role of the teacher is changing. 

(d) Technological change is ushering a new age, an Information Age — an 
Increasing share of the GNP is going towards the production of knowledge rather 
than for the production of goods. 

(e) The collapsed time scale of change forces us to act rapidly. Wo must choose 
options responsibly, and to be especially sensitive to citizen needs, 

(f ) Information technology is the handmaiden of productivity. It provides us 
%vith an opportunity for augmenting national growth and raising the education 
level of the people, 

(g) Insuring the effective use of information technology deserves a high 
national priority. At present, its introduction is occurring without plan and 
without national over-sight. We need to begin treating information as a national 
resource and benefitting from the application of information technology. 

(h> Information teeJinoIogy isn't coming, it's already here. It's happening in 
spite of all other factors — and it will soon be democratissed as instruments and 
applications become cheaper, smaller, and more useful. 



(a) Technology touches our people in three ways: It affects citizens' access to 
the total national information resource through networks and implies greater 
equality of access to education. However, unwise policies could cause inequities* 
Brings information directly into the home — in an interactive sense. Every den 
becomes a home information center. Personalized instruction may by-pass tradi- 
tional educational systems. Provides microprocessors capable of delivering varied 
educational capabilities through personalized intelligent terminals. 

(b) The convergence of these technologies is an added dimension in educational 
practice. It will make possible an increased emphasis on personalized instruction. 
The power of information technology lies in its ability to enhance Lhe teaching- 
learning process while also being cost/effective. 



(a) Unless information technology is introduced responsibly — we miB/? a great 
opportunity. 

(b) Unless we face the problems presented by information technology — we 
risk losing the technological, and therefore competitive advantage we now 
possess. 

(c) Unless we act with dispatch — we are in danger of installing i.QCompatible 
systems of mixed rather than high quality. 

(d) We are not dealing with just another new government mission in educa- 
tion. We are dealing with a phenomenon — one that is multidimensional and cuts 
across all aspects of our government and national life. 



(o^y Creating a natiomcide net-tcorJc 

Wc^ need a focal point in government to coordinate and facilitate the creation 
and deployment of educational information networks. 

We need to ensure that educational information networks are broadband, 
nationwide, and accessible to all segments of the population. 

We need to interconnect our schools, libraries, anrJ other informtaion centers 
so that they bf^riome interdependent partners in the sharing of educational infor- 
mation and knowledge. 
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(b) Defining and planninj the Federal role 

We need to designate an administrative entity in government and assign it 
responsibility for designing and developing policy for the utilization of informa- 
tion technology in education* (It is recognizetl that these problems involve many 
federal agencies and many segments of the public and private sectors. All inter- 
ests must be represented in any emerging administrative structure.) (Informa- 
tion technology competes with traditional form.^ of delivery in its effectiveness 
and social consequences. Accordingly, accurate assessment techniqueir which take 
into account both economic and social consequences must i)e devised*} 

(c) Equalizijig access to Icnoivlcdgc 

We need to introduce information technology into our American soci^^ty in 
ways which avoid elitist use. Everyone, regardless of economic circumstances, 
social condition, or geographic loeatior. must have equal opportunity of access to 
knowledge, . 

We need to apply the same legal and statutory language which has governed 
the development of public e<iucation in xVmerica to information technology. 

(d) Protecting intellectual property and en<:ouraging private sector liivcsttncnt 
We need to devise workable means for protecting intellectual property and 

compensating authors and publishers for their works. 

We need to ensure, however, that such protection does not restrict citizens 
from enjoying the maximum benefits offere<l by the new technology. 

We need to enunciate principles promoting the creation of educaitlonal pro<l- 
nets and services of high quality. 

We need to encourage i^rivate sector investment in inform-^ tiou teclmology, 

( c) Developing standards 

We need to evolve voluntary technical and performo ce standards which will 
mdde the compatible development of information technology without inhibiting 
innovation. 

(/) Consolidating information about information technology 

We need to establish a clearinghouse, preferably through an on-line onnqiutt'r 
network, that permits educators, information system planners, and tHiiers, to 
stay abreast of new developments and play a role in the development of educa- 
tional applications in information technology. 

We believe a clearinghouse for information technology would reduce tmneces- 
sary duplication of effort. The need for such a clearinghouse is critical because 
new developments, in the information technology are occurring so rapidly. 

5, irflTlATTVES FOB TBCE CONGRESS 

We recommend that tbe Congress create a permanent National Commis??ion on 
Information Technology. Also, that the Commission provide a forum for public 
and private sector d**fiberation of national policies ; and, that it be assigned re- 
sponsibiiiity for monitoring such policies once they are in effect. 

We recommend that the Congress? advise the Secretary of Education of the 
potential significance of information technology' to* education and that funds be 
provided to the new department for relevant studies, , demonstrations, clearing- 
houses, etc. , ^ _ 

We recommend that a person experienced in the field of information technology 
be appointed to serve on the Intergovernmen - al Advisory Council on Education. 

We recommend that new legislation be drafted tliat will enable libraries and 
other education centers of information to form a national network of knowledge 
and that the interstate portions of this network be funded and coordinated by 
the federal government. 

We recommend that tlie Congress designate a small group, within the present 
membership of the workshop, to mett again in three months to report on pt>ogress. 

Mr. Brown. Thank yoii, Mr. Becker. 

I am going to aga^^ recognize anyone who might have a question* 
[No response-3 

Mr. Brown, If not, we will go lac> to 'rroup No. Special Ediica- 
^ tion, and recognize Dr. Donald V. Torr: who is assistant vice presi- 
dent for educational resources, Gallaudet t College here in Washington. 
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SPECIAI. EDTICATION: PRESENTED BY DH. DONAU) V. TORB, 
ASSISTANT VICE PRESIDEITT, COIXEGE OP EDTTCATIONAI. BE- 
SOTJBCES, GAULAUDET COTIJEGE 

Dr. ToRR. Thank you, Congressman Bro\vn, for sponsoring? this semi- 
nar. I appreciate the opportunity to be here and to meet with the dis- 
cussion group and all other attendees. I would like to acknowledge the 
^orts of the discussants in the special education discussion group. 
Everyone participated and the discussion was valuable. 

Mr. Chartrand asked that the discussion leaders summarize the dis- 
cussion by specifying issues and recommendations. Before specifying 
issues I would like to say, on behalf of tha special education group, 
that we were concerned about some of the presentations which were 
made on the subject of computer-aided instruction. One might infer 
from some of the remarks made that OAI was the answer to the edu- 
cational problems we face today. Costs related to CAT were shown as 
mllmg and the potential of CAT was described in very positive terms. 
We agree that CAT can serve a very useful function in education, 
but urge that it be seen as one tool among many which can be used by 
the teacher. There are some tasks which can well be assigned to the 
computer; however, it is unlikely, for example, to serve as a good role 
model or to help a student develop successful social skills. We also 
questioned one element of cost. While hardware costs are falling, the 
cost for the development of instructional software is not. Lack of soft- 
ware has been t^ie major problem to date. It is not clear that a funding 
base for significant instructional software development exists today. 

It is important, I believe, that we not confuse information technol- 
ogy and educational technology. I believe that has occurred during 
our seminar. To me educational technology is any technology arising 
from basic research in the physical and behavioral sciences which 
can be used to contribute to the solution of an educational problem. I 
see information technology as any technology which can be employed 
to e^ct the emission, transmission, storage, processing, or reception 
of information. Much information technology can be employed as edu- 
cational te^nology ; this is especially true when dealing with special 
education. In dealing with educational problems, however, we should 
not consider information technology as providing the full solution set. 

Now I will turn to the issues identified by our group. One issue is the 
need to insure that as new technology becomes available the needs and 
rights of handicapped individuals are not forgotten. As an example of 
what can happen m information technology we can consider television, 
i^xplcntation of this technology started some 34 years ago. Only this 
year, however, has it become possible for deaf individuals to begin to 
see some programming on commercial stations which they could com- 
prehend because the programs have been captioned using the unob- 
trusive technology of closed-captions. 

xr.4^°*t®'^ individuals need to understand 

that technology is not all-powcrful in snite of the fact that "technol- 
ogy made it possible for men to land upon the moon and return. It 
is not po^ible today to automatically encode continuous speech, for 
example. Such a capability would be of supreme value to persons who 
do not hear, but it does not exist today. 

o 1 O ~^ 
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Another issue, which is, I think, not debatable and therefore might 
better be labeled a problem, is the point that, while the needs of special 
education for the application of information technology and other 
technologies are ^eat, the market ifi too small to make the area com- 
mercially attractive. 

Another issue for consideration is tixe need for a noncommercial 
centralized consulting base of persons who are knowledgeable of in- 
formation technology end who can quickly assist problem solvers who 
da not have the time to search for all relevant tecimology. These con- 
sultants hopefully would have been able to obtain objective informa- 
tion from the manufacturers as to what their equipment can truthfully 
be eacpected to do. 

StUl ajr^other i^Me is the need for validation data in the promotional 
literature of ec/jipment manufacturers, I>ata should be provided which 
specifies the conditions under which the equipment has oeen tested and 
shown to do ^^hat the manufacturer claims. 

Turning to recommendations, the special education discussion group 
recommends that special educators themselves make it a practice to in- 
volve equipment manufacturers or software developers as early as pos- 
sible in their efforts to develop solutions to special education problems. 
It may be that in so doing we can find wa^ s to use their products with 
minimal changes, thus avoiding the high costs associated with modifi- 
cations for special education students^ 

Another recommendation is that special educators meet and agree 
upon problem statements T^hich can be used to stimulate problem solv- 
ers who know the technology available. 

With respect to the development of initiatives to encourage intercut 
in the small special education market we^ recommend that the explora- 
tions which have been initiated by Con^essman Brown be encouraged. 
I refer to meetings which have been brmging together members of the 
public and private sectors to discuss such matters as : Financing^ in- 
centives, .patents and licensing, market research, and standardization. 
W^e urge that the unique need for incentives associated witli develop- 
ment for handicapped individuals be emphasized in those discussions. 

W^e recommend that the subcommittee explore with the Department 
of Education the need to establish an independent base for technical 
support in the field of information technology. This support should 
provide access to persons who possess state-of-the-art knowledge, who 
are unbiased and factual, and who can assist persons in special and 
general education who are attempting to design systems to meet specific 
educational needs. 

We recommend that the private sector devote time to the develop- 
ment of increasini?ly sophisticated information processing techniques 
for CAT to provide more than the "information presentation, example, 
test, and branch" paradi^i. In the education of deaf students, for 
example, automatic analysis of the language entered into the computer 
by deaf students would be highly useful. 

I would like to refer to issues once more. The issues are not limited 
to information technology but apply to problem solving on a national 
scale. We have throughout the country an immense resource of 
knowledgeable persons in legislatures, laboratories, industrial com- 
plexes, business houses, and universities. We have immense problems. 
Our approach to these problems often seem, chaotic. An issue is the need 
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to e stablish a means for solving them such that rather than beh&^ving: 
with the efficiency of the typical light source, with scattering and re- 
flection in every direction, we have the highly focused common direc- 
tion of the coherent light of the laser and the information carrying 
capacity which that affords us. 

Thank you. [ Applause*] 

Mr. Brown. Thank you, Dr. Torr. 

Are there any questions of Dr. Torr ? * 

[No response.] 

Mr. Brown. All right, next we will go to Group No- 4, Adult Edu- 
cation, which was chaired by Dr. Milan Wall, executive vice president 
of the University of Mid-A merica. 

Dr. WaU? 

iUJITIiT 3SBtTCATI0N: PBESEOTED BY DR. MHiAN WAIX, EXECU- 
TIVE VIC3S PBESrOEHT, TJNIVEBSITY 07 HIB-AMEBIGA 

Dr;- Waei^ Mr. Brown. We, too, had a hard-working 

group, and we just wanted to say before I went into our statement how 
much we appreciate the work of the professional and clerical stafi of 
the two committees, and the staff of the Congressional Research Service 
which provided a nice organizational structure within which to work. 

Our statement is divided into three sections : The first is a kmd of 
premise or overriding statement^ about adult education, and its 
relationship to information technology ; the second is a series of issues 
that need tioThe addre^ recommendations. 

First, the statement of belief. Until fairly recently, the rate of 
change in our society was sufficiently low that the traditional concept 
of education- — as something needed by children and yoimg adults prior 
to their entry into the work force — was adequate for the vast majority 
of citizens. 

We now recognize, however, that the pace of change in our society — 
including incieased rates of knowledge and more efficient means for 
disseminating that knowledge^ — ^has increased dramatically, and it is 
likely to increase in the foreseeable future* 

Therefore, we feel it is incumbent on govemnient, as well as the 
private sector, to review the current model of education. ^ 

We believe such a review will lead us to the conclusion that these 
societal changes demand a reconceptualization of ^ the educational 
model in order to achieve a situation in which continuing education 
for adults — both informal and formal— is encouraged and facilitated. 
In the previous decade or two such a review might have been only an 
exercise, because we lacked the means to implement such a^ new model* 

It is our belief now tJiat tiie conmiunication and information 
processing technology are at hand, and that Congress must carefully 
consider iearmarking or redirecting funds for the purpose of support- 
ing efforts to design and implement technology that will «tid and abet 
contintdng adult education m both the formal and informal setting. 

We went from that statement, I believe, to identification of a series 
of issues, and those are as follows : 

. Issue iTo. 1 : Relatively little is known about how adults learn, why 
they are motivated to learn, and how to motivate them to overcome 
personal barriers to certain kinds of learning* 
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Issue No. 2 : Insufficient financing is available for development of 
educational software and acquisition of hardware for adult education. 

Issue No. 3 : Barriers exist to availability of financial aid for adult 
learning in nontraditional educational programs. 

Issue No. 4 : Insufficient standardLization of hardware and software 
specifications makes usage difficult across pjt*<xiu<^t lines. 

Issue No. 5: Telecommunications agencies do not pay adequate 
attention to educational users* 

. Issue No. 6: Government regulation and practices tend to favor 
traditional curricula. 

And issue No. 7: Government attempts to enhance equity for 
disadvantaged youngfer students have not been very successful, and 
we believe there is a danger the same record may extend to this segment 
of our older population. 

Now for our series of recommendations, some of which go nicely 
with the issues^ and some of which donH^ 

Recommendation No» 1 deals with our knowledge about how adults 
learn and related issues, and our recommendation is that various 
Government agencies that deal with adult learning considerations, 
among them TJSDA, NIE and the military, should direct more 
resources to research efforts to find out how adults learn, and why they 
are mqtiva to learn, 

^ Ifecqinmend No. 2 : We proposed studying the feasibility of the 

creation of a tax on certain technologies in order to support develop- 
ment of such technologies for the public benefit. 

Recommendation No. 3; Baixlei-s that exist to the availability of 
financial aid should be removed so that adult learners may benefit. 

liecommendation No. 4: We believe that the Federal Government 
should encourage compatible hardware and software systems to 
further broaden the applications of those systems. 

Kecommendation No. 5: The Federal Government should support 
development of programs for increasing adult competencies in the use 
of informational technolo^ries of all kinds. 

Recommendation No. 6 : Funding should be made available to public 
community learning resource centers, such as public libraries, for ac- 
quisition of hardware and software for use by tlie public. 

liecommendation No. 7: An increasing amount of the $14 billion 
currently spent for adult education should be redirected to develop- 
ment and use of new technologies in order to achieve objectives in the 
adult education arena. 

Second, a part of that recommendation, we believe increasing 
amoimts of information technology and telecommunications expendi- 
tures should be directed toward adult education. 

Recommendation No. 8: Current Government-supported delivery 
systems for informational and educational purposes, and we cite as one 
example the extension service, should be encouraged to make more 
uses of new technologies. 

Recommendation No. 9 : Preferential telecommunication rates 
should be established for educational purposes. 

Recommendation No. 10 : Stated more eloquently by Mr. Becker who 
might have been listening in on our discussions as well — copyright con- 
siderations should encourage widespread dissemination of educational 
materials. 
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Those are our recommendations, and we have other comments we 
wiil be happy to submit for the record. 
I thank you. CApplause.l 

Mr. Brown. Thank you very, much, Mr. Wall. 
Any questions of Dr. Wall? 

[No response-l ^, ^rv i ^ j- t 

Mr. Brown. Our last discussion group on the Development of Xn- 
f ormation Technolocy was chaired by Dr. Richard Ballard, manager 
of the Educational Program Information Center, Apple Educational 
Foundation. 

BEVELOPMEJIT OP mPOEMATION TECHHOLOGY: PEESENTED BY 
BE. EICHAE3} SAIiAED, MAHAGEE, SDTJCATI OITAL PROGEAM 
mrOEMATION CfEITTES, APPIE EDXTCATION FOTTNDATIOlSr 

Dr. BAU.ARD. Thank you, Congressman Brown. 

Most of the groups that have talked so far have represented users 
of instructional technology. Our own group was very much a group 
of people with interest and involvement in developing materials. 

Our charge was to develop issues and recommendations on the de- 
velopment of instructional technology. If we had met 10 yeara ago, 
when I first started, the issues at that time would have been hardware. 
There was a lot of concern for the equipment. Projects that were start- 
ing then, PLATO projects and the TICCIT project and many of the 
others, were very strongly preoccupied with hardware. Today we have 
low-cost video units, we 'have microcom;^uters in great numbers, and 
it's fairly simple to see the rather exciting things that will come of 
putting the two together. , . . j. ^, , • j j: 

So there is less of a concern for presentmg a vision of the loncl ot 
hardware we ought to have, and much more concern in this coming 
decade for the materials that are going to be developed, what they are 
going to be like, how they are going to happen. ^ j 

The 1980's, we think, are going to be a decade of development. Jrlard- 
ware will still be very important, but it will probably just stir and con- 
fuse things, with each new capability in this long list of inventions 
that we can see coming along the line. , „ , 

How will this development take place in the 1980's ? Right now we 
are jvst starting, and it is not at all clear. Many people are now in- 
volved in development when before there were only a few who had 
access to equipment. Those who have long histories of developing pro- 
grams and a lot of experience and skills are rather widely scattered 
and diluted now. The center stage in this process has shifted very fast. 
In the 1960's and 19T0's, the projects of importance were very few, 
they were Federally funded, and they were nm by people with aca- 
''ndemic backgrounds. . > - ^ 

Today private investments in this field are just beginning to ex- 
plode, and their dimenisions in dollars and in people in multiple cen- 
ters of production are clearly going to be huge. Foi^ the first time the 
private investors can see real marketsjp.fjtens_of_th<^^ 
dreds of thousands of units, and they are attracted to those markets, 
and we are going to see investments flood in in areas where there are 
markets. - 
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Our own group was perhaps the largest of the discussion groups, in- 
dicating the interest that people have in development at this time, and 
it represented educators and it also represented business people, people 
in training and in a lot of areas. That was very different from the kinds 
of conferences held in the past. There were a lot of representatives 
from corporations. Some of them are new, some of them have quite a 
bit of experience. Some of them are tinkering at the outside of this 
field, and others have very substantial commitments and powers within 
their organizations. All of them are making substantial career com- 
mitments— ^all of them are taking risks in getting involved in develop- 
ment at this early sta^e* 

So we are just starting on development, and this is now a good time 
to look: at public issues and private solutions. People are going out and 
betting that they know how to solve some of these problems and trying 
to do it. Individuals and companies are taking risks, investment 
risks^ and if these people survive the 1980s, they will have found new 
solutions to a lot of new problems- They will have founded an im- 
portant new industry, and as individuals they will have discovered 
a great time to be alive. 

Now to those taking risks ri^ht now, there are some very important 
issues, and they are emotional issues like protection. They are risking 
their genius and their life's work and millions of dollars of investors' 
money, and they want some protection. They want copyrights and 
patents to really mean somethmg. They are producing a new kind of 
property, an intellectual property, and in this coming age of informa- 
tion it 13 going to be one of this country's greatest resources. So our 
ability to protect and manage this resource, 1 think, is vital to our own 
country's future. 

There are other issues. This courseware they are developing is ex- 
tremely valuable, and more than any other medium, books or lectures, 
there is ample proof in the literature that it is effective, but it does 
take^ investment, there is front-end money involved in this, and we 
^realize that Congress has less money to spend in this area rather than 
more. So we are not going to propose that Congress get into this in a 
big way, but we are asking them to fix the problems and to do some 
things that will trigger self-sustaining efforts by other people. 

One of these things is royalty restrictions. Right now it is almost 
impossible for Government-sponsored projects to attain any size and 
to cooperate in any way with industry or to get out products, because 
of the royalty restrictions. People who are involved in these things 
know that as soon as there is a mention of royalty, then the project 
just can't seem^ to get anywhere* 

We would like Congress to pick out certain project areas and fund- 
ing areas, where it's tairly clear from the small markets and the im- 
portance of the projects that no one is going to get rich, and we woiild 
like them to remove all restrictions on the author's future collection 
of royalties. Those of us who are involved in development know that 
it is going to be virtually impossible to get rich, in education, but we 
are conimitted anyway. 

We think that in order to see these programs improve over time, 
the! ^tuthors are going to have to have some incentive to go back and 
rework their projects, and not face a situation where all dfuture pro- 
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ceeds are already committed to some big pot somewhere, and where 
there is absolutely no incentive to go on and make the work better. 

We think there are places where Congress can stimulate the market 
with fairly small expenditures, and expenditures that would be only 
of a limited duration. We think that in iust providing equipment, tech- 
nological equipment like computers ana video units, and in promoting 
awareness of programs among people who would be buyers — school- 
teachers ^and administrators — in some ways, it doesn't really matter 
exactly Kdw this is done. This is because in a number of areas — primary 
education is an example — ^right now I would say the penetration of 
that market is about 1 or 2 percent with this technology, and it takes 
only a little bit to get it up around ten percent, and about there it 
will be a self-sustaining market. Publishers and other people wi?.l be 
attracted to it and will provide materials. 

Another thing Congress can do, and has done in the past, -which 
seems rather easy to do, is to assign some percentages. We think they 
should, in any new funding of education, pick out a percentage to be 
sp>ent on projects of advanced technology. If they're bold, we would 
iSte them to take another percentage — ^that would be to tax the media. 
Put a tax on tapes and computers and those types of things. Not a big 
tax — a tiny, tiny tax — ^but one that would yield, €ls this market and 
this field grows, an increasing income. Later on we think that we would 
start to have some of the money pots for doing the development of 
things that a^ain would not be commercial, but would increase the 
exceuence of the programs that are available. We think there is a 
chance now, by bem§ bold, to secure those funds for the future. 

One of the biggest issues today is the size of the development projects 
going on. Kight now if you look around in video or in computers, you 
will find a lot of small programs, and they are not reallv very helpful. 
They are small programs pecause they are being developed bv small 
projects, with small grants. Of course the issues are small, and that is 
why we think there are such small grants being given out. We would 
like to see them take the same money — ^not more money, the same 
money— and take at least part of it to divide up into some large proj- 
ects, projects that can achieve curricular importance, that will put 
out enough in the way of materials that they will ^o into the classroom 
and have real impact. If you look at the large curricular packages that 
are available today, almost all of them in the math area, for instance, 
on microcomputers, came from Pat Suppes' projects more than a dec- 
ade ago. , 

So we are asking — put some money in bigger pots and take some 
risks right now. There are other small things to be done. There is a 
lot of talk and great potential in putting Government expenditures 
on a cooperating basis with industrial ejK>rts and with training cor- 
porations and others. 

Why doesn't this happen ? Invariably, when anybody tries to make 
a'proposal and put together a program, a plan for cooi>eration in shar- 
ing resources and profits, there just aren't the regulations and the 
contractual methods for doing this. This whole thing snags on the fact 
tl^t there isn't something written to allow this, so we think that a 
gr^t d^eal wouM come out of looking very closely at some regulations 
and cr9^ing,^^law and in policy, some things that would make this 
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Another thing is that the Government is both a large purchaser of 
instructional tecnnology and a source of grants that make other people 
purchasers. We would like them to put langua^^^^ in those grants and 
in their i>urchasing that woulrt keep people who ave excited about this 
field -buying things just out of that excitement. As buyers, we would 
like to see requirements put upon manufacturers that they not only 
provide some minimal amounts of software, but they provide lists of 
software suppliers to their hardware, and that they provide materials 
and actually train the teachers and end users in this. Those things 
could be made into purchase packages in military uses, in training 
areas, and in education. 

Tliere is a need for authors now. There is enormous fjrowth in this 
field and virtually no trained authors. We see need for fellowships 
that would bring academics into publishing and manufacturing situa- 
tions, and take programmers . and people out of the industries arid 
into the schools. These kinds of exchange efforts would have a big 
impact on improving the training of authors, 

Thete are other people taking risks right now, consumers are taking 
risks, and we think there need to be some centers for distributing in- 
formation in understandable forms, to compare equipment in terms 
that are meaningful to school administrators. We need information 
that lists software, and tells you where it is availE%ble. It is important 
to have information on product performance, particularly as software 
comes in from a great many different manufacturers and becomes 
listed* We would like to see product performance evaluated, not so 
much in the way of standards but in the way of certification that the 
statements people are making are true. Is the cost of performance 
what the manufacturer claims it to me? We would like to see some 
efforts to encourage manufacturers to broaden their assumptions about 
who is going to use their ec[uipment, being able to provide big keys 
that the elderly and people in special education are going to need. 

There are some markets that publishers are never going to be at- 
tracted to. A lot of the investment has gone into the college market. 
But if you look at the numbers, and if you look at some of the spe- 
cialty areas, you find that they will probably never be markets that will 
be attractive. There may be things developed there, but if they want 
in this early stage to see some substantial development, in science, for 
example, or in vocational areas, then the Government has got to plan a 
future of sustained support* 

There are many other things : Xrearning model research- -righf now 
manufacturers and authors are goinor out and putting the stuff to- 
gether by the seats of their pants, and you will see more and c^ore of 
that. We need guidance to tell what paradigms and strategi^:^ are ef- 
fective for this medium and- most likely to produce learning. 

During the 1960^s and 1970's Congress was really responsible throu.qrh 
its funding for the push in this area. Today this development is roll- 
ing along- Right now we are asking for help from Congress to steer 
this, and if we can't get that help then we think it would be wise for 
Congress to at least get out of the way. 

Thank you. fApplause.] 

Mr* Brow^n". Thank you. We will try to get out. 

The Congress is working in some of the areas that have been men- 
tioned by several of the speakers such as : copyrights, patents, improve- 
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ment of the public/private cooperation mechani5?ms. All of these repre- 
sent ongoing, and very active issues in the Congress now. The input of 
this meeting will be helpful. 

Are there any questions of Dr. Ballard? 

The gentleman over there. 

Mr. KoMOSKLi. Ken Komoski, EPIE Institute. I would like to make 
one point regarding certification on the part of software producers 
that they have done what they say they have done, 

I would like to point out that in 1971 I testified before this com^ 
mHtee regarding the n^ed for this, and subsequently working in youi* 
State, sir, with legislation requiring this in the State of California. 

Subsequent to that, working with the State senate in Florida, there 
T/SLS additional legislation passed in that regard. The State education 
agencies have done nothing with this legislation. There is a mechanism 
now and all we need to do is to have it applied, and what you are sug- 
gesting needs to be done could be done. 

Mr. Brown. Thank you for that comment. 

Do you have any response, Dr. Ballard ? . t • 

Dr. BAU.ARD. Well, I think every effort that could be made m tins 
regard should be made As I pointed out, things are coming from all 
over, and people are making very bold statements about their value. 
I have been on the other side of this question too with a manufacturer 
who produced quite a bit of audio tutorial material. It so happened 
that one of his programs was taken under evaluation by a student at 
the University of Southern California, who wrote his doctoral thesis 
on the value of this program. The manufacturer was delighted to have 
the results, nublicized them widely, and the program sold very well. 

His idee; next was, where can I get these programs tested by some- 
body else so that I can say that about all my programs. What he was 
Ioo!cing for was someone to put together a validation procedure whose 
results would be accepted as having some value by educators. All he 
wanted was them to tell him how much it would cost per program to 
put these things through it. He thought it was probably cost effective 
to do that. We do need not just a law, but organizations comir.g for- 
ward with methodologies for evaluating these programs so manu- 
facturers can test them. I would think they would pay for them. 

Mr, Bkown-. Any other questions ? 

[No response.] 

Mr. Brown. I^t me interject another comment then, if I may. ine 
impc tance of this subject needs to be emphasized over and over 
again- -I am talking about the total of information technology here, 
and this comment about standards and methods of evaluation leads me 
to think about the global economic importance of what is gomg on 
here. What we are talking about is something that is going to penetrate 

the entire gjobal economy. . ^, -n- *x j 

One of the things that we need to be concerned about is the Unitea 
States market portion. We are not going to be marketiiig our own 
particular brand of software or courseware, for example, to meet the 
mformation needs of the rest of the world. They will want to produce 
their own that is compatible with their culture and their needs. What 
we are going to sell to them probably is some hardware and maybe 
some of the hardware types of software. 



ERIC 



I 201 



197 



When it comes to most of the vSoftwcre things, we are goinj^ to be 
selling them procedures and methods of creating: -what will be suitable 
for their situation and their methods of evaluation. We really need to 
step back in our society as we g;o through this period and not only do 
it, and test it, but analyze how we did it, ho'iv we tested it, and "how 
that can be applied to markets in other parts of the world, because that 
is what they are going to want in order to go through the transition 
a lot faster than we have gone through it. 

What always strikes me as an example of what is happening here 
is the fact that the first real deal we made with the mainland Chinese 
wad for information technology. They want a satellite system and sev- 
eral thousand OToimd stations. Thoy want us to supply them and they 
will figure out now to use them to avoid putting in a hard-wired com- 
munication system. They will skip the business of wiring China and 
go directly to satellites. How do we take advantage of their needs in a 
way that meets. both of our requirements? That it helps both of us, 
is the point that I worry about a great deal because in the long run 
that's what we will have to do. 

Any more questions ? 

All ri^ht, we have one additional wrapup speaker, a man who in my 
opinion is probably the best informed person in this field of any I have 
worked with, and that is Mr. Bob Chartrand of the Congressional Re- 
search Service, Library of Congress. For one reason or another he has 
been involved in this subject matter for a long number of years, and I 
guess it has honed him to a fine edge to have to meet all of the deficien- 
cies of the Members of Congress in this area. He has developed a great 
competence in this field. 

SUHMAHY: PEESKBTTED BY ROBEKT CHARTRAIID, SENIOR SPE- 
CIAXJST m UlTORMATION, POUCY AND TECHNOLOGY, CON- 
ORESSIONAX RESEARCH SERVICE, LIBRARY OF CONGRESS 

3Sfr. Charxrano. Thank you for the introduction, Chairman Brown. 

]*iy remarks are hrief, but perhaps will be useful in touching on one 
or two points that I think all of you here will find relevant. 

Xn establishing' a useful context for this seminar on information 
technoZogy in edrication. Chairman Brown oltered a twofold objec- 
tive : To enhance the awareness of the Congress, the executive branch, 
and the private and public sectors of (1) the potential education 
benefits of new information and telecommunications technologies, and 
(2) the possible social and economic impacts resulting from the wide- 
spread use of these technologies in the educational process. 

As I look back over the dozen or more years I have spent on the Hill, 
I recalled that it was precisely a decade ago that the then House Com- 
mittee on Science and Astronautics chose to explore through a series 
of special papers and discussions, the topic they called the Manage- 
ment of Information and Knowledge, and I would like to think there 
are a few of us in this room that recall the splendid booklet that came 
out as a result of that milestone series of meetings. 

Among the several dimensions of that topic was the role of infor- 
mation technology, and gerinane to our present seminar, coming 10 
years later, was the emphasis by McGeorge Bundy, at that time serving 
as president of the Ford Foundation, on understanding the "bound- 
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aries" of technology supported systems, including both the benefits and 
limitations of the^new^tcfioFl^^ the applica- 

bility of his comments about the advantages of using computers to 
assimilate and ir.tegrate selected data so that the user can most fully 
utiliise the prodacts, and his reminder that the "direct relationship 
between the quality of raw data elements or input and the value of 
knowledge outputs" must always be understood. I think these observa- 
tions still merit our attention. 

This seminar we just completed over the last 2 days has been possible 
because it is comprised of you, the seasoned professionals — those 
who fimction as conceptualists, as catalysts between the subject areas 
and the technplogy which can process and display the desired informa- 
tion^ the teachers, the technological innovators, and what we now call 
the gatekeepers of information. It is because of your interest and 
involvement that these working sections are producing the kinds of in- 
formation which will assist the two sponsoring subcommittees through 
an exposition of : First of all, the key issues related to maximizing the 
positive impact of information technology in the educational milieu ; 
and second, those identifiable initiatives which Congress, the Federal 
executive branch, and the private sector may undertake to enhance 
understanding and support of this vital area. 

These hearings and workshop sections are seen as a beginning — a 
beginning which will enable cogr -^zunt congressional groups to evolve 
new perceptions and legislative a pproaches that can result in im- 
proved planning and programs. Needless to say, your sustained sup- 
port is extremely important as the Subcommittee on Science, Research 
and Technology and the Subcommittee on Select Education continue 
to address the several facets of this focal area: Economic, technical, 
cultural, and legislative. 

I ran across a quotation at home from Thomas Jefferson which 
touched on what we face today, and what we should keep in mind. In 
a letter to a friend of his, observed that : "Laws and institutions must 
go hand in hand with the progress of the human mind. As that be- 
comes more developed, more enlightened, as new discoveries are made, 
new truths disclosed, and manners and opinions change with the 
change of circumstances, institutions must advance also and keep pace 
with the times.^^ 

The spirit of this collection of dedicated individuals here before 
me, responding promptly within the democratic process, is a remark- 
able reflection of the philosophy embodied in the ancient proverb 
which said that "where there is no vision, the people perish.^' 

I do not think it would be amiss if I express, on behalf of all of us 
here, our appreciation to George Brown, for his leadership and his 
genuine, sustained support. 

Thank you very much- [Applause.] 

Mr* Brown. That was very kind of you, "Bob, and I appreciate it. 

"We are just about to bring this very beneficial and enjoyable meet-- 
ingjbp^an end. I jsv'ant to to of a few small details which help 

to make tHis an official rerjord, and to offer a few words of thanks my- 
self before I ask I>r. Ostenso to give the benediction. 

First of all, without objection of any other Member of Congress — 
and I know there will be none — the, full report of all the discussion 
groups will be included in the hearing record. 
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Second, likewise to be included will be a list of all the workshop 
participants who developed these reports. 

Third, the prepublication prepared by the Congressional Research 
Service on Information Technology in Education will be made a part 
of the hearing record, and the brochure prepared as u guide to the 
technology demonstrations. 

I say that because if we get them in the i-ecord we can print them all, 
and that will be included in the final document that we hope will be 
widely tstributed. 

^ ITow let me express my very deep appreciation to all of the follow- 
and I apologize to any that I may have missed. 

First, as you all know, the Library of Congress through the Con- 
gressional JResearch Service, made a tremendous contribution to the 
preparation and conduct of this meeting. Bob Chartrand was the 
leader of this group, he was assisted by Jerry Borrell, and they were 
involved in every stage from the early-pla'sining on to the end. 

Jean-Paul Emard, who also is at the Congressional Research Serv- 
ice was of major help in developing the seminar materials and man- 
aging the demonstrations which were set up in the annex, and Jim 
Price and his sta^ have been doing the video brief, which is that ma- 
chine you see taking all of the pictures. 

I might say incidentallv an edited version of this will probably be 
made available to the public and will be played on our own magic 
g^stem hera in Congress. We are all wired into a House Inf ormatfen 
Systeiii and each office has a television monitor in it. We will in this 
way be able to distribute the results of this seminar to the Members 
and staff in congressional offices. 

I- also want to thank the planning team. I don't want to name them 
all, but there were representatives from the Government Operations 
Comnattee, the House Administration Committee, and plus, of course, 
the two committees that were actually conducting this, as well as the 
National Science Foundation, Office of Education, JSTational Institute 
of Education, ARPA, OTA, and other organizations too numerous to 
mention. 

I want to give special thanks to the House Administration Commit- 
tee, and especially Ken Showalter, for hosting the demonstrations. I, 
of course, want to thank all of the very distinguished witnesses who 
appeared, and gave us the benefit of their testimony, and the chair- 
persons and recorders of each of the discussion groui^s. 

That is a good indication that practically nothing good gets done 
around here unless there are a lot of people involved, and probably the 
least is the Congressman who presides over them, which is me. 
I will ask Grace to say the final word. She did most of the work. 
Dr. OsTENso. I would like to say on behalf of the cosponsoring Sub- 
committee staffs on Select Education and Science, Research and Tech- 
nology, and the total planning team, that we thank everyone who par- 
ticipated in this "extrava/ranza." We are particularly gratefiii ior the 
quality of your recommendations, the value o'f the output, and for the 
generosity of your personal time and resources. We too would like to 
thank Mr. Brown for his guidance, motivation, and commitment which 
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: :.Afc iK^ Rep* George B. Broim, Jr.t Chairman of the 

.8ubcattBd.t:ti«e on Bcienc«» aasearch and Technology of the Comaklet:ee 
on Science and. Techno Iosy» and Re^p. Paul Simon* Chairman of Che 
SabcoaBBd.ttee on 8el4»ce Educ-ation of the Cootcdttee on Education and 
Xabor, the LCongreaaional^ Keacarch. Service, assisted in developing 
tjiia review of information technology in education and future 
isauee^and policy implications of the use of these technologies 
in chat educational proceas. 

^ ;( : The membership of the Subcommittee on Science, Research and 
•Technology ia: . ; ; 

* George E. Broim, Jv^ , Califoruia, Chairman 

Jaaea H. 8cheuer» Hew York :torold C* Hollenbecic, Hew Jersy 

Donald J. Pease » Ohio Robert W. Davis « Michigan 

^ Tom Harkin, Iowa Donald Lawrence Ritter, Pennsylvania 

Allen Br tel, Pennsylvania ' John W. Wydler, Hew York (ex officio) 

Kent Hance» Texas 

Was Watkins. Oklahoma 
Don Puquaj Florida (ex officio) 

The membership of the Subcommittee on Select Education ia : 

Paul Simon, Xllinois, Chairman 

John Brademas, Indiana Ken Kramer, Colorado 

Edward P, Beard , Rhode Island E» Thomas Coleman, Missouri^ 

■^GrorgSirKiller; California Arlen Erdahl, Minnesota 

Augustus F» Hawkins, California John M. Ashbrook, Ohio (ex officio) 
Mario Biaggi, Hew York 
Edward J. Stack, Florida 
Carl D. Perkins, Kentucky (ex officio) 

The Subcommittees wish to acknowledge the support provided in con- 
nection with this iiorkshop publication and the plarning and coordination 
of the entire aeminar by professional staff members of the Congressional 
Research Service: Robert L. Chartrand, Senior Specialist in Information 
Policy and Technology; and Jean-Paul &itard. Analyst in Information Sciencea, 
Science Policy Research Division, These activities were performed in 
close cooperation with: Allen Cissell, Deputy Director, Subcoimaittee 
on Select Education; Grace Ostenso, Science Consultant, Subcomcaittee 
on Science, Research and Technology; ard Robert Smythe, Science Fellow, 
Office of Rep« Ceorge E. Brown, Jr. 
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The AiliCy to rapidly store « retrieve » and transmit enoraoua 
quantities of infonaation' is' a 'fundament al technological reality 
of today* The-uae of information cechnologiea to facilitate research^ 
to organise and access data for knovledgeable deciaionmaking^ and 
to perform complex administrative nd managerial taaka now is 
taken for granted; At the same time» the rapid maturation of 
theae technologies and the convergence of telecommunications and 
information technology preaent policymakera with new and difficult 
challengea. If public policies are to be responsive to the needs ^ 
of our ^^Information Society"* ve muat develop mechanisms and insti— 
tutions with the flexibility to adapt to technological change and 
to cope» in a humane and equitable way» with the increasingly interr* 
disciplinary - nature of new knowledge * 

■ Improving the planning^ management » and evaluation of scientific 
and' technical information activities haa been a major focus of the 
Science, Research and Technology. Subcomiittee* The use of information 
technology in education is an important part of this activity* both 
as a me ana of enhancing the quality of inatriiction and in increasing 
the ability of citizena to use this valuable technological tool. 
We welcome the opportunity to join with the Select Education 
Subcommittee in exploring this vital intersection of education with 

information acience and technology. • — 

The workshop participants' recofl«endations in thia area will 
benefit the entire Congress as we move toward the development and 
implementation of a coherent nat^j^al policy ^ox^ th^^^aanagement o^ 
our information resources. 





George Brown* Jr. * Chaxrman 
Subcommxttee on. Science,- ReaearwiT^and Technology 

The Subcommittee on Select Education is pleased to join with 
the Subcommittee on Science, Research and Technology in sponsoring 
a workahop on information technology in education. One could refer 
to thia workshop aa a "foresight" bearing, in contraat to the usual 
Congressional practice- of reviewing past programs and current 
program problems. It is important, X believe, that the Congress 
concentrate some of its attention on the likely impact of information 
technology on teaching and learning and on our educational institutions. 

The new technologies, properly utilised, will give our society 
new capacities to understand itaelf and to understand other cultures. 
Xnevitably, we will become more sensitive to the interdependent 
nature of this "apaceahip earth" we inhabit. inevitably, information 
will become less centralised, making education less institutionalized 
and more democratic. Inevitably, considerable change will occur in 
the organiaation and governance of our educational institutions. 

The SubcomitteefOn Select Education and the Subcommittee on 
Science, Research and Technology eager lyjAook forward to the par- 
ticipants* insights and recaoftendationa ^ia important area. 
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The les'cy of the pest decede — en enhanced educet ionel, 
econcMtic, end eociel stenderd of living — i« beaed in lerfie pert 
on Che edvencenent end epplicetioa of informetion end teleconxmun*- 
icetione technolo^iea, end on the convergence of these technologiea • 
Through continued developmenta end refinements in the minieturisetion 
of electronic components end circultry« the seventies witnessed the 
continued evolution of improved ceble communicetiona, setellites, 
computers , and aophisticeted informetion storege, retrievel^ end 
delivery syateau reaponsive to the needs of nearly every facet of 
our aociety. Government^ banking and finance » menuf ecturing. 
buaxneaa and office precticea, medicine » lew enforcement, and the 
home environment ell were touched by the aeeming wiser dry of such 
technologies. With more scientific, technical, and industrial in- 
novations in the offing for information processing and tele coimun~ 
icationa ayatems, the decede of the eighties promises to bring 
into being Daniel Bell*s *^post-indus trial society" and the much* 
publicised "informetion ege." 

The continuing innovative epplicationa of information and 
teleconaunicationa technologies mey impact atrongly upon one aree 
of endeavor long awaiting the promised benefits of automation and 
space-age comoninications: the American educational system. Although 
the advent of educationel televiaion and promising beginninga in 
computer-menagcsd and computer-assisted instruction generated telk of 
education's "fourth revolution", the expectations of this revolution 
were never fully realised at any educational level* How, however, 
cable end interactive televiaion, videodiscs, satellite broedcasting, 
distributed, date processing, and microcomputers — the basics of 
the "new" information technologies — give renewed hope that these 
advanced technologies may yet become an integral part of the Nation's 
scientific and educational environment « 

The objectives of the "information Technology in Education" 
Seminar are to enhance public awareness of CD the potential educa- 
tional benefits of new informotion and telecommunications technologies, 
end (2) the possible social and econoaic impacts resulting from 
the widespread use of these technologies in the educational process. 
This booklet provides a framework for accovplishing the seminar 
objectives by highlighting (1) aelected past, present, and future 
uses of information technology in education; ( Z) salient issues 
encountered or engendered by today *s educational technologies; 
and (3> possible approaches available to Congress for guiding and 
directing the use and adaptatloa of new information technologies 
in the educational process. 
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II, BACKCROUHD TO XNgQHMATION TECHNOLOGY IN EDUCATION 

A, Chroaoloky of Selected Evente aod Legiglation 

To place some perspective on %ifaere educational technology is 
toiiay and what its future may hold^ a brief reviev may prove bene- 
ficial. : Since educational technology — especially within the realms 
of programed instruction, te«f:hing machines, radio* and television — 
has been evolving continually £or many years, the following is a 
selected sampling of significant events, pertinent legislation, and 
milestone reports that have influenced the utiliasation of mw 
technologies *in education duriiQg the past quarter century. 

1956 ^ ^ begin to receive the first 

cab la transmissions of instructional television. 

National Defense Education Act < P. I*. 85-864) las amended by 
P,L. 88-210] and the Instructional Media for Handicapped 

Children Act <P.L, 85-905)~tias-amended*by-p-;lr?-^89-258— a» 

amended by P.I*. SO- 247, title l] are signed into effect. 

l^e New England Educational Data Systems (NEEDS) program begins 
on a modest basis as the Data Processing Project of the New 
England School Development Council . 

Plato I experiments in computer— assisted drill— and— practice and 
tutorial ^programs begin at the University of Illinois. 

1*62 A.fier a joint convention of State educational data processing 

^specialists and members of the California Educational Research 
- Xc^ociation in 1961, the California Educational Data Processing 
A^^sociation (CEDPA) is founded* 

A small group of educetors from State Departments of Education, 
universities, and large school systems establish the Association 
of Educational Dattt Systems (AEDS) • 

1963 This Ccuocil of Chief State School Officers establishes a Commission 

on Educ&tional Data Systems (CEDS) to conduct studies, formulate 
recoiBnendations, and plan for development on behalf of all State 
Departments of Education. 

Mental S^etardation Facilities and Consnunity Mental Health Centers 
Construction Act (P.X*. 88-164) las amended by P.L. 89-105^ as 
amended by P.L. 90-247], the Higher Education Facilities Act 
(P.L. 88-204) las amended by P.L. 90-575, title VI], and the 
Vocational Education Act (P.L. 88-210) las amended by P.L. 90-576] 
are passed. 

The Institute for Mathematical Studies in the Social Sciences at 
Stanford UniveEd5.^y begins a laboratory program of research and 
development on computer-based instruction that receives funding 
from NSF and the C^tmegie Corporation. 
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1965 l!he Whice House Confereace on Education !■ held and its £inal 
report p A Mileatone for Educational Procesa , is published* 

Elementary and Secondary Education Act (P*L« 89-10) [as amended by 
P«L« 90-247 » as amended by F.L. 91-230] and the Higher Education 
Act kP.L. 89-329) [as amended by P.L. 90*^33] are signed into law. 

The Educational Resources Information Center (eRXC) system begins 
with its first production and dissemination of the CataloR of 
Selected Documents _qn_ the Disadvantaged , 

1966 The Joint Economic Cosmittee holds hearings on "Technology in 
Education" followed by the publication of the committee print » 
Automation and Technology in Education * 

Library Services and Construction Act (P.L. 89-511) and the Adult 
Education Act (P»L* 89'-750) are enacted. 

1967 The President's Science Advisory Committee issues its report 
on computers in higher education* 

Model Secondary School for the Deaf» utiliring all of the latest 
technologies for educational and other purposes , is established 
by'P .L. 89-694 on the campus of Gallaudfet College. 

1968 President Johnson appoints a Cotmnission on Instructional Technology." 

Association for Development of Computer— based Instructional Systems 
(ADCIS) is founded in order to advance and promote computer— assisted 
or managed instruction at secondary and higher education levels. 

Sesame Street (and The Electric Company in 1972) begins to receive 
funding from the Office of Education under the Cooperative 
Research Act (P.L. 83-351). 

1969 The first Conference on Computers in Undergraduate Curricula ia 
held at the University of Iowa. 

The U*S* Department of Defense Advanced Research Projects Agency 
(ARPA) begins to interconnect four western universities into a 
computer networking configuration called ARPANET. 

National Center for Media and Materials for the Handicapped Act 
(P«I.. 91—61) authorizes the creation of a media and materials cen- 
ter for varied technologies and applications for the handicapped. 

1970 The House Subcommittee on Select Education holds hearings on the 
Educational Technology Act of 1969. 
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John Htuablen, tmder KSF contract, produces the first Inventory of 
Computers in U,S, Higher Education^ 1966*1967 that provides a com- 
prehensive statistical base of usage* types of use, and expenditures 
on computers in higher education. 

national Coomisslon on: Libraries and information Science is established 
by 91-345. 

The final report of the Cosnission on Instructional Technology, 
To Improve Learning , is issued as a House Conoiittee on Education 
and Labor cov&axttee print. 

Amsterdam, is the site of the 1st World Conference on Computer Education. 

The House Subcommittee on Select Education receives testimony on the 
establishment of a National Institute of Education, 

A publication of selected references on new technologies in education 
ia issued by the House Comnittee on Science and Astronautics* 

National Science Foundation grants funding for the development of 
: tvo computer-aasisted teaching systems, Plato IV of the University 
of Illinois 'and TICCIT of the MITRE Corporation, 

The ' Carnegie Coanission oa Higher Education releases tvo major studies. 
The Fourth Revolution:, Instructional Technology in Higher Education 
and The Eoierging Technology: Instructional Uses of the Computer in 
Higher Education Cin conjunction with The Rand Corporation}, 

Hatlonal Institute of Educati.on is established as a quasi-governmental 
body and a National Center for Educational Technology is established 
in the Office of Education. 

Hearings on educational technology are held by the House Subcommittee 
on Select Education, 

The Emergency School Aid Act (P.L. 92-318, title VII) authorines 
the development and use of new curricula and instructional methods, 
including the acquisition of any instructional materials and tech-* 
nologies, for use by all children regardless of race, color, or 
economic standing. 

The Ford Foundation publishes An Inquiry into the Uses of Instructional 
Technology , 

The MITRE Corporation publishes a study on its Reston, Virginia 
experiment involving the technical and- economic considerations 
attendant 00 the home delivery of instructional and other socially- 
related services via interactive television. 

Issues and public policies in educational technology are discussed in 
the National Academy of Engineering's To Realise the Promise . 
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1973 Demoaacratiou o£ Plato is a featured preaeatation at hearings 

on Federal information systetns, plans, and the development of 
advanced information technologies held by the Subconomittee 
on Foreign Operations and Government Information* 



1974 
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1977 
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Under the Education Amendments of 1974 (p*L» 93-380) « (1) the 
Commissioner of the Office of Education is empowered to use, at 
his discretion, certain funds for educational television; and 
(2) the Office of Library and Learning Resources is created to 
administer, all^funding., and oversight of those technologies used 
for instructional programs* 

Computers and the LearninE Process in Higher Education is prepared 
for the Carnegie Conmission on Higher Education. 

JEdjicati^pn^for All handicapped Children Act CP«L- 94-142) is passed* 

"Computers and the Learning Society" is the theme of the hearings 
and the subsequent committee print (1978) of the House Subcommittee 
on Domestic and International Scientific Planning* Analysis and 
Cooperation* 

Title XX of the Education Amendments of 1978 CP*L* 95-561) stresses 
the need' to utilire new technologies to improve and develop basic 
skills and Title XV grants assistance for children's educational 
television* 

The first National Educational Computing Conference is convened 
at the Univeristy of Iowa* 

Final report on Videoconferencing via Satellite; OpeninR Congress 
to the People is published 'detai.li.ng certain educational uses of 
this conferencing technique* 

American Federation of Xnformation Processing Societies (AFXPS) 
convenes a panel to study the scientific and technical implications 
of Information technology In education. 

The House Subcommittee on Science, Research and Technology holds 
hearings on ^^Information and Communications Technologies Appropriate 
in Education (including H*R* 4326)"* 

The White House Conference on Library and Information Services is 
held in Washington* D*C* 

House Subcommittee on Sciences Research and Technology! the Senate 
Subcoomalttee on the Handicapped/^ and' thV'CongreinfibhliV E^^ 
Service Jointly sponsor a three-day series of panel/vorkshops 
on the ^'Application of Technology to Handicapped individuals*' 
with a subsequent 1980 committee print* 
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B, Overview of Present-day Applicat' ,;a«> Stakeholders^ and Goals 

■ I* Existing Applications - 

\ Technoloj^ in the classroom is oot a new concept in the 
educational process. : Books, blackboards, charts, niaps^ filmstrips. 
wtion pictures, phonographs, tape recorders, and language labora- 
tories ; all can. be classified^ as instructional tools; and. for the 
nose :p«rt; uch 'has been vide ly.. accepted ^^^^ a teaching enhancement* 
Nwer forms of educational technology, aiwl more specifically computers. 
''6ave not fared aa veil in their acceptance: 

The possibility that computers vill be used in schools 
seems to turn othervise reasonable men and women into 
.. implacable Luddites or r^loomsday . xealots « . •The former 
think the latter are blobc^less technicians « The latter 
find; the former fearful reactionaries • 1/ 

' Classifying anyone; into these two diametrically opposed camps 

be an oversimplification but it does illustrate the diversity 
of reactions to certain nev information technologies in the instruc- 
Cioaal setting. Some of the negative reactions may be due to the 
previous failure of such technologies to achieve their full potentials 
in the educational arena. Although automated information and teXe- 
covunications ^sterns seemed in the 1950s and 1960s to hold much 
promise, the difficulty of integrating man-machine techniques into 
established teaching methods and psychological resistance to change* 
coupled with expensive instructional programming and systems costs » 
kept the promise from being fulfilled. 

l>uring the past several years, hovever. new and improved methods 
of! information delivery have helped bring educational instruction 
CO a great many individuals and rekindled the spark of promise. 
CoasBunications satellites have been used to* transmit curricula and 
special prograaa to large urban areas and to such remote sites as 
Alaska, the Pacific Islands, and the Appalachians. Such systems 
also have been used for satellite conferences and meetings between 
educational groups, goveriiment representatives, and student bodies. 
Telecommunications networks have facilitated the sharing of resources, 
course work, and scientific and educational research at all levels of 
education. In a similar vein.' "electronic blackboarda" have linked 
instructors and off-site students without the need for costly travel. 
The development of videotapes and videodiscs may result in one- tine 
investments for equipment capable of serving as high-volume, inter- 
active information storage and retrieval sources of educational 
materials. Television, via broadcast or cable, continues to be a 
familiar medium for providing inexpensive smss dissemination of 
educationml programa and. learning experiences. The capabilities 
of interactive television systems for educational purposes also 
have been teated and put into operation in certain locales. 
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Of all the technologies now in use in tho educefcionel environ*- 
aonty the computer mmy have the greateBt impect* Already, computer-* 
aaaiated instruction is a recoanised method of providing drill-*and* 
practice and tutorial exercises. Moreover , the computer as a 
delivery system plays an important role in preparing today's students 
for the **Information Society" of tomorrow. 



FIGURE I: 

The Roles of the Computer in Education 2/ 




Stakeholder Roles 



Xn assessing the current position of information technology in 
education^ it is important to identify the main ectors ,and the target 
audiences. More specifically: 

(1) Vho are the stakeholders in the developments use', 

and accountability of new educational technologies? and 

CZ) What different educational levels or settings are 
affected by these stakeholders? 

In part 9 the firat question may bs answered by the following graphic: 
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FIGURE II: 

St«kc«holders in the Development, U«e, end Accountability 
of Bducationel Technology 




STUDENTS 
TBACHE&S 
PARENTS 

adhih i strators 
sch6(^ boards 
gongress 

federal agencies 
state agencies 
learning institutions 
profsssiokal associations /societies 
ibraries/museums 
information industry 
r corporate groups 



It ifl recognised too that this array of atakeholdera has inden* 
rifiable involvement in varying educational environments including: 
elementary/aecondary , vocational, post— secondary » graduate , special , 
professional 9 and lifelong learning* 

3« Ach ieveaaent o £ Na t ional Goals 

The humane and effective use of any technology requires a 
clear viev of its role in meeting public needs and enhancing the 
veil-being of our Nation and of the vorld cosnunity. By augmenting 
educational resources and improving services, information technology 
promotes the advancement of learning and of research in all fields. 
This in turn furthers the broad goals shared by all stakeholders in 
the information technology enterprise: increaaing economic 
productivity and improving the quality of life. 
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Since the businenc «nd profeeaional worlds dow depend 00 
cooiputer and infortoat ion-based ayBt:emB in vieeting daily work 
TequirenentSa progress towards theee goals dapendo upon the 
achievement of "computer literacy" throughout our society. Our 
educational institutions and special training programs will make a 
significant contribution toward fulfilling these goals by playicg a 
lead role in providing both conceptual md practical knowledge of 
informacion processing and transmission systems to all student 
groups* 
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C* ^FmTdpmazLv^m on Infforttatioa Technology in F^ucAtion 



In 1972» Cmrnesi^ CoadBi«aloa on Uis^^^r Education* a "Fourth 

Revolution*' report depicted Che results of e study oa the future 
evkilebility^ end use o£ selected technologies in post^-secondary 
educational facilities* 



FIGURE III: 
Projected Availability and Use o£ 
Hine Educational Technologies 
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THis study indicated that only routine audiovisual technology 
Mixd student—initiated access to audiovisual materials would be in 
use at the start of this decade* Sophisticated interactive, computer— 
baned Sj^stems would not be routinely utilixed until the 19908 or later. 

While this and other educational technology reports of the 
l^rre 1960s and early 1970s discussed many different innovations 
in state— of— the— art and near— future information -and telecomnunciations 
technologies J there is ao absence of any critical review of the signif- 
icant impact such technologies might have on the Hation'a varied 
educational systems. Today ^ most information technologists agree 
that such telecomunications media as traditional coaxial cable 
and iMwer optical fibers — capable of bringing hundreds of different 
information resources into the school, office, and home — will 
beccme more readily available in the next 10 to 15 years* Closed 
and open circuit tei.ev,V9ion programming «ill be standard viewing 

.fare -at most instructional sites* The broadcasting of special, 
narrowly— focused programs and inf ormat ion services directly to a 
given student *s location will be made possible through direct 

..satellite broadcasting. More exotic uses of satellites will include 
their linkage with holographic projection tt^chniques to present 
*'live'*, three-dimensional representations of people, places, and 
objects for classroom study. 
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A coneiiiu«4 proliferation o£ «uCOMC«d isf onacion ^stnu in 
Cha adacatioaal anvirooMnt: of th« futiura appapra inavitabla> 
Studanta and teachera alilta ^vill co^a to raly on blbliographie 
and atatiatical data basaa^^ ■d.ero^x'aphic atora^a and ratrlavaX 
ayatema. . and apacialiaad interact iva cabla and vidaotaxt nyateas 
for data and information jccaas* Other frequently used educational 

: technolosiea will r include auch audio and audiovisual leaniins 
toola as interactive oovieag videotapes^ and videodiscs. More 
important » bow«var , . will be the aignif icant is^act of the nicro*- 

^ conputer* Hand-held calculators will be cossonp lace in luth and 
acience, centera^ Xow*coat personal microcoaputers either in 
^ atand-^alona or diatributed confisurationa —- will not only permit 
information storage and retrieval, drill-^and'-practice, snd tutorial 
lessons in. the claaaroom» but will extend educational experiences 
into the hosKe.' In turn, extension of this experience may well 
foster greater individualised educational interest in school and 
work^related subjects and accentuate the srowing trend towarda 
lifvdlong learning. 
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III- WORKSHOP ISSUES, THEHK8, AMD QUESTIONS 



A* The ttroad Xg^ti<p> of Informiit ion Technology in Education 

Th« «££«ct0 of nev information t«chnologi«« on aducational and 
aoclal inatitutiona ~ whan viewed within the context of the pre- 
ceding narrative nay yet he profound* In thia world of increaoing 
. complesityp many difficult iaauea '— economic and aoeial aa well aa 
^cosnitive and technological ~ need to be addreaaed aa information 
. technologiea become a more important influence on both the form and 
, the content of educational . proceaaea. 

; . T^ center mainly on 

ef forte to create information techholosy^baaed learning ayateras 
that allow atudenta broad opportunitiea for initiative* Theae 
ef forte require the development of new "knowledge baaea" to provide 
.ajrichf machine^-aaaiated leamihg environment and point toward an 
increaaing^ly iophiaticated interaction between cognitive eciences 
and educational technology* 

Perhapa the moat:!obvioua. economic iaaue ia the cost-ef fectivenesi 
of learning aye tema baaed on the uae of information technology* 
-There ia no doubt that the high development and auataining coets of 
acme of theae hew approachea caused aome initial diailluaionment in 
the : educational rcoiuaunity* . Although hardware - coat a continue to 
decline dramatically^ educational conaiderationa have not been a 
maior force in hardware deaign, and the development coata of 
educational software : and "couraeware" remain high. Evaluation of 
comparative coata and ef fectivenesa for different technology-wased 
ayatema may become even more difficult aa advanced ay at ema evolve 
with ^aervicea and producta iil-auited to traditional measurement 
teclkniquea* 

.At least two other important economic issues must be considered* 
One ia the effect of information technology on the utilisation of 
l^ducational personnel » including the costs of appropriate training - 
and the updating of alcilla. Tho second ia the value of information 
technology in school management and adminiatration; the flexibility 
of today* a equipment offera the poaaibility of deaigning systems 
capable of performing concurrently both instructional and adminia- 
trativetaaka*. Furthermore, the aignificance of such qualitative 
and quantitative trade-off a need to be viewed within the context 
of a more fundamental economic iaaue — the long-^term effect on 
our national productivity of the wideapread uae of (or failure to 
uae},. information technology in education* 

The penetration of information technologies into the school* 
workplace* and home raises some vexing social questions for a 
democratic aociety* Proponenta of educational technology have 
praiaad ita ability to equalise opportunity by delivering quality 
prosrama and servicea to remote areaa or to disadvantaged aectors 
of the population* Taking advantage of this technology » however, 
depends not only on the availability of hardware but also on the 
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pretfence* in the school , workplace^ or hose, of people trained to 
Accept and uae it for educatioaal enda. Promoting equality in 
thia dimenaion ia « major challensa* 

The proliferation of hoae-ba'aed information technology • in 
perticul«r» may. have important conaaquencea for the future of 
educational inatitutiona« The effect may be positive ^ at least in 
part, in generating preaaure for wider uae of information technologies 
In achooXa and collegea* _A1 onge r-. t e rm ^c on a id er a t i o n is the 
increaaing ability of information technologieo to a^et educational 
needa in the workplace and home; thia could have a profound impact 
on traditional' educational arrangementa at all levela* This prospect 
in turn r;:iaea aome troubling quest iona about the poaaible effect a 
of more decentraliaed learning ayatema on individual aocial 
developoMint and interpersonal relations » 

A related set of concerns about information technology centers 
on the preservation of privacy and individual liberties. This 
consideration arises both from the growing vulnerability of 
computerised data to unauthorised accesa and the fear that technology- 
baaed education will emphasise facts over concepta and principles 
and could be used to propagandise and condition tastes and beliefs « 

Finally p a number of institutional issues concernicjg the 
involvement of government at all levels will have to be confronted 
if real progress is to be made. First, the appropriate role of the 
Federal Government in information technology research and development 
merit a reevaluation in view of changing conditions and technologies. 
Second, the role of Federal and State Governments in training 
educational personnel to use the new technologies warrants reexamine- 
ation. Third, attention should be directed to the Federal Government's 
role in' monitoring current efforts in the development, applicationp 
and diaaemination of information technology in education. Fourth, 
the development of altenative approachea to improved cooperation 
between the varioua Federal agenciea involved in information 
technology development and education deaervea reaaaessment • Fifth, 
the need for standardising the components of information technology 
and the requirement for shaping that -technology to meet educational 
objectives ahould be explored* The leaaons learned from theae 
efforts could be useful in unde^. taking the important tasks of 
building a coordinated national policy for the development and use 
of bur national information resources » 
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B»- The Workshop Closf rs 

. The precedios ieeuee form the beckdrop for the more detailed 
end- focueed deliberetlone of the eix workshop discussion groups. 
Groups X-*XV identify target audiences; Groups V and VX deal with 
public policy issues in technology developaent and implementation^ 
and cut across all user categories « Some of the major issues in 
these areas are listed below« • 

1^ Croup X - Elementary and Secondary Education 

o What are the benefits and limitations of using specific^ 
information technologies in developing and upgrading skills? 

o Hill the ability of some families to purchase information 
technologies for their homes have serious impacts on infor- 
mation equity? Xf sof should schools compensate^ and how? 

o What are the likely effects of individualized teL.hnoIogy- 
supported instruction on the ^socialisation of children? 

o What changes in teachers' roles might result from the 

introduction of information technology into the classroom? 
What effects will these changes have on teacher productivity » 

^morale* and the need for special training? 

o Xs information technology likely to produce significant 
changes in employment patterns for teachers? 

o What is the role of demonstration projects in expanding the 
awareness of the uees of information technology in education? 

o What mechanisms are possible or desirable to ensure that the 
use of technology-raided instruction does not unduly condition 
tastes and beliefs? 

2* Group XX — Fost^Secondary Bducation 

o What role should information technology play in "remedial** 
education? 

o What measures might encourage a faculty to develop and use 
information technology—based instructional materials? 

o Whst is the appropriate level of "computer literacy" for college 
students? Is there a need for a "model curriculum" in this area? 

o What activities could be undertaken to encourage better training 
for prospective teachers in the use of information technology? 
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Group IZ'lt.cont*) 

...o Zm thm curr*nt availability of trained opoclallata In Infor-* 
'^'Mtlon taebnology adaquate? la there a need £or more Inter— 
V.C _,jclleelplltiary training of Information profeaelonala? 

o What poaalbllltlea exlat for the sharing and exchange of 
aqulpoent, ^prograsa^ or data baaea with other educational 
Inatltutlona? with Industry? 

o Za Federal support for the purchase and maintenance of 
Information technology auffldently consistent to provide 
an adequate baala for low..^term decisions on systems design 
and acqulaltlont 

3» Croup III — Adult Education 

o What are the potential economic benefits to be derived from 
the use of Information technology for Instruction In the 
workplace? What are the limitations? 

o What role can Information technology play In continuing 
echicatlon programs for prof easlonala? 

o What poaalbllltlea do Information technologlea offer for 
training unskilled or functionally Illiterate, adults? 

o What are the aoclal l^llcatlons of home— based adult education 
- programm now and In the future? 

o What problems do Information technology-based systems face In 
gaining acceptance by the adult public? 

o Should wider use of Information technology In extension services 
<e«g* ; agriculture, energy » etc«> be encouraged? Xf so» how? 

o How can Information technology be used to augment the role of 
museums and llbrarlea In adult eduutlon? 

A# Croup IV — Special gducatlon 

o What are the particular technological needs of the different 
■ target audlancea within the special education field? 

• o What Incentlvea would effectively encourage the development 
of technologies with special features for the handicapped 
or the learning dloabled? 

o What marketing strategies are appropriate for Information 
technologies aimed at apeclal education? Should the Federal 
Covamment play a role In market aggregation? 
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Group ZV'Ceont.) v 

. 0 %lhAC «ro the bonefite end limltetione. of hone-based 
iedtteatioa to differing epeciel education groups? 

o What consequences is information technology likely to 
have for *'aainstreaxiing** policies? 

o Hov might 'inforoMt ion technology be used in teaching 
motor skills to the handicapped? 

o Bow might information technology be used in educating 
gifted -children? 

S« Croup V -* Davelopment of Inforamtion Technology 

.0 What role Should the Federal Government pl^ in research 
. . and development in the field of information technology? 

o What . are ' the pos ssibilitiea for indus try-*govemaient co- 
operation in cesearchi and development? 

o Ze there a need for more support of applications of cognitive 
psyAology research to computer-be a ed learning? 

o What effect a do ' current patent and copyright policies have 
on the development of software and courseware? Do these 
policies favor , the use of aome information technologies over 
others?':' 

o Should demonstration projecte in information technology' be 
..^developed and displ^ed? 'Should regional centers be esteb- 
lished for this purpose? 

o, What is the appropriate level and nature of involvement of 
the Federal Government in the dissemination of program/ grant 
information^ research results » and courseware? 

o Xe current telecommunications regulation policy adequate 
. to cope with the rapid; convergence of information and tele- 
communications technologies? 
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Group VI - Public Planning for Education in the "loformation Society" 

o !• there * need for better coordination and monitoring of 
various federally-supported educational technology prograna? 

o To what extent ahould the Federal /State Governments strive 
for the standardixation of the coraponenta of information 
technology? 

o Should State-level planning and aupport of information tech- 
nology in education be increaaed? 

o How might the use of local networka baaed on information 
technology be encouraged? In what ways could such networks 
be used to promote educational objectives? 

o How can conamunity planning facilitate the coordinated use 
of information technology in schoola, libraries, workplacea, 
end homes? 

o How might information technology be effectively employed in 
community ^'learning resource centers**? 

o Should more attention be given to security and privacy vhen 
considering the use of networks and data basea in educational 
environments and applications? 
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C« Potntial Methods o£ Fosfrlng I,«gialctiva Inltlatlw 

J,^,..,..,:.:^^ perctt±ve..the 

. . Hiq^ Infonuitlon tools snd 

i:^' . the probleas of govsniMnt and society* Within the 

: of Inforutlon technology has 

1^^ Instruction* expanded curricula focus- 

; ' '- V;'slnS; on .the role of such technology In addressing social and cooanin*- 
;r. . ;:'lty probleM using Innovative support aystess for isproved 

f i^^^- adalnlstratlon of acadealc program. As the Nation entera the 
vfr> / / 1960 deuide/ cognisant conlttees Congress have detenained 

- : tb; review: the-^p of educational technology 

; : '.and ib that could result In l^roved 

handling of Info and technical) and in 

: wore rssponslve educational institutions and offerings. These 

Initiatives taken by the Congress » designated Federal 

^-' /..e^cebatlve ; branch,: agencies ^a departnents , or ^reponslble private 
sector entitles, represent the key to ^the future* This array of 
> ' . actlotis:l^^ the context of established congressional 

oversight functions and the traditional pattern of Member initiative 
/ through the introduction of new or modified legislation. 

Several methods of foeterlng legislative inltlstlves that 
constitute specif ic courses of action. My be identified s . : 

\ 1 ♦ Introduction of new leKlslatlon — such bills nayv 

o Create a special study aechanlsa Ce*g* , cottmission 
or task* force) to examine current user needs and 
responding systems and organlcatlone* 
o Require the incorporation of technology-supported 
management techniques for the planning, management, 
and evaluation of education *s administration and 
y_- curricula* - . * ^ 

o Call for the continuing use of contractor personnel 
and asrvlces to augment In-house capabilities in 
this area* 

.o Identify . roles for various public and private sector 
organisations having known irIssIoiis and resources 
that, are germane to information technology and 
..education* 

o Kandate the utilisation. In specific activity areas, 
of Inforswtlon devices and manr-machine technlquea. 

o Provide for the creation of a special Information 
capability, auch as a clearlnghouae or network, that 
could acquire, store, process, and make available 
requisite data for dlverae user communities* 
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2.' Wttwimw ot aari>t:iM l^gjglation My oecflr mm m nsulr 
a£ Indlirldaal MsmMr «ctlon» or daring th« delil>«r«tiona 
of tl&e_bodx«t« author IsstloQ, or appropriation cooMitteea 
in ras^rd to: 

o Adaqttaey of Public Xjnr goal* and proviaions, froai the 
vantaga point of proven program parforaaaca. 

o Pareaivad a£factivana«a of praaant agancy or dapartmant 
prograa iaplaMOtation^ aapacially as concams coat-* 
parformance MaauraMnt - (ufaara appropriate) and hind- 
aigjht aasaaaaiant of initial projact objaetivaa. 

o Poavibla radiraction of dapartmantal isplamantation and 
intarpratation 'of diractivaa* conducted through high level 
. executive branch <OKB) action. 

3* Aaialyata of auneat laaialation — past valuable initiativea» 
«ftan forgotten vith the -paaaage of tiae, sarit reviev leet 
uaeful analyeaa. of the probles are loet or existing information 
'raeourcea and eerv£cea already in place be eeriouely diluted 
or unthinkingly removed . 

4* **Jair*boning*^ Cparanaeion) of raaponeible Federal executive 
branch ^daparcmante and agenciee the varying rolea* within 
the Federal aetabliahmenr (OMBp SD» MTZAp MSP) often are 
diminiehad or become minimel over time; legialative intareet 
often rainforeea the reaolve to evaluate anew appropriate 
organisaticmaX framaworhap budgeting goala, program objectivea, 
uaa of technology* and the implicatione of applying modem 
tochnology to the naeda of uear gronpa* 

5. ptiliaation of legislative research and analyeie capabilitiea — 
by calling upon the extensive resources of tne Congressional 
Kasearch Service. Of f ice of Technology Asaessmantj General 
Accounting Office* and Congressional Budget Office (as 
appropriate)* Congreaa can comaiiaaion atudiea of varying 
acopa and depth that than may be applied to selected con— 
greaaional reviev or foreaight activities « 
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D»8* Goiisr«0S. : BooM^' CoooiittM oa Education and Labor. To isprova 
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1972*^ 368 p. - 
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and Public Walfara Diviaion, Congraaaional Kaaaarch Sarvlca, Library 
of ConEraaa. Washington, U.S. Govt. Print. Off., 1971. 140 p* 
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U.S. Congraaa* Hooaa. Ooaaittaa on Scianca and Tachnology. SubcoMittaa 
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U.S* Oongrasa. House. COMittee on Science mad Technology. Subconmittaa 
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: tachnologiea appropriate in education (including H.R. 4326). ^Haaringa, 
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247 p. 



U.S.' Congress. Joint Economic CoKittee, Subcomittea on Bconomic Prograaa. 
Automation and technology in education. Waahington, U.S. Govt. Print. 

. ^"**At*head of title: 89th Congreaa, 2d seaaion. Coiamittae print. 

U.S. Congress. . Joint Economic Conmittee. Subcos^ittaa on Economic Progress. 
Technology in education. Baaringa, 89th Congreaa. 2d session. 
Waahington, U.S. Govt. Print. Off., 1966. 273 p. 

U.S. national Science Foundation. Directorate for Science Education. 
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228 



ERIC 



225 
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Carnegie Consiission on Education Television. Public television: a 
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Carnegie Conaission- on* Higher Education. The fourth revolution: 
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Book Co.» 1972. 106 p. 
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IMTROPCCnOH 



This brochure provides e brief guide to the technology denonc tret Ion 



•egMnt of the "Znforaetlon Technology in Sducetlon" eealner. The deBonstre-' 
tlos cOBpleaente the hearlnge end vorkehop dlecucelon g'oupe, end le Intended 
to convey to the Congreee, workshop perticlpente, end to the public eoae Idee 
of the aeny rolee "new" Inforaetlon technologlee pley In the educetlonel proceee. 

The projecte exhibited ere repreeentetlve of both the wide verlety of 
technological poeelbllltlee end e dlverelty In eubject setter. All of the denon- 
e tret ore selected have been, or ere currently being, funded by verloue Federel 
egenclee throuoh grente or contrecte. 

Members of Congreee end their reepectlve cosalttee end pereonel steffe, ee 
««11 ** the Workshop psrtlclpsnts, ere we'lcoae to observe end Interect with the 
verloue eyete^ et their convenience from 4:00 P.M. to 9:00 P.H. on April 2, 1980, 
in Rooa 3547 of House Office Building Annex Ho. 2. On April 3, the public le 
velcoae to obeerve end pertlclpete In the desonstretlone between 10t30 A.M. end 



noon. 
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Jkm_moaiMt±on for HmdJLms^hmmmd C<mt±imlng gdmuitlon for 

Sr. I»lonei y« Baldwin* Dr. Arnold K. Selgel 

Coimtar Corporation of A»erjlcm 

. ' " , • ' - I .... _^ 

Itjnn Brocks LeSoy Fondlns^ land » David Marx 

Do<i»>tlc Information Dlaplay Syatan 

Curtis Frits » Fator Cavaa 
Hasaltlna Corporation 

John Volk, Jarry Moora, l.lnda Zln^, Rax Maddox 
Mlnnasota Kdocatlonal CoMpntlng Censor tltts (KECC) 

. Hal an T. Kock. 
national Captioning Cantar 

Jano Millar, Doris Caldirall» Stan Garandasy 
sum at Stony Brook 

X>r. lMdm±m Braun 

OnlTarslty of California — Irvlna^ Bdocatlonal Tschnology Cantar 

Dr. Alf rad Bork 
Pnl^arslty of I>s1«iiisra — PLATO Projact 

Dr. Fred T* Bof atattar, Jsttsa Wilson* Bonnla Sallar 

Dtah Stata Pnlvaralty. Bxcsptlonal Child Cantar and Cantar for 
Instmctlonal Frodncfc Daralopwiir 

Dr. Bon Tborfclldsan 

(Also will dasoostrata work of Mahraaka BTV Mstwork^ 
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OamoM trator i AssoclAtiloQ -for MadiA-baaed Conelntilns Education 
for Bn^naara^ lnc« (WCKK> 
e/o Colorado Stata Onlvaraicy 
CoXlaga of Kn^lnaerlos 
Fort ColUnaVOQ. 

TltXax *Coordi.natad Uolvaralcy Prosrau tn Snslnaarlns Via Viaao" 

Subjact Mattar and BducatJLonaX Xagllcarlon t 

Varlo*^ anslnaarlns dlsclpUnaa and aalactad appUad adencea 
*3ad loanar^uMint anbjacta tauabt through tha uaa of vldaocassettea. 
Such a a^rstae aXlova for convanlant» flaadbla, on-tha-Job atudy 
opportunltlaa and cradlt-baarlnft couraaa to ba mada avallabla to 
. •nalnaarln^ atudanta In tha AHCKE conaortlus. 

Tar gat Andiancaa Bnglnaara and tachnlcal sanaser* la continuing 
and sraduata adacatlon anvlronaanta. ^ 



Da»onatrator : Coaputar Corporation of Awrlca 
1600 WlXaon Blvd.» Sulta 903 
ArXlngton^ VA* 22209 

T±tXmt ' *Mlcrocoa^^tar-baaad Simulation In Tralnlns" 

Subjact Kattar and HducatlonaX lapllcatlon i 

I>laplaya Intaractlva alaulatlona of var sa»ac,> alactronlca troubla 
ahootlns* and «odala of atndant procadural arrora* Tha ajatama to ba 
abown ara low coat, low fldallty, raal-^lM alsulatlona that ara faaalbla 
with axlatlns Hlcrocoi^otar tachnology and daaonatrata on a broadar 
parapactlTa tha ^naratlva natura of atudant arxora* 

Targat Ajndlancai Continuing aducatlon atudanta. 



Itamonat rator t DoMatlc InforMtlon Dlaplay Syataa (DIX>S> 

Papar t — lit of CoaMrca 

OFSP8 

2001 S St., H.W. 
Vaahlngton, D.C. 200O9 



Tltlat * rxtcMatlc Information Maplay Syatam** 

Subjact Mattar and HduMtlonal lapllcatloni 

Provldaa IntariKctlva colorgraphlc praaantatlona of atatlatlcal date 
that could ba uaad aa taachlng toola for auch aubjacta aa atatlatica, 
political adanca, gaography, urban/mral planning, cosputar aclancas, 
and aodal ,aclancaa. Thaorlaa and ralatlonahlpit ba t w aan data can ba 
f oraulatad and ravlavad by atudanta ualng auch a ayataat. - - 



Targat Andlaneat Coy arn— nt policy analyata and daclalonc^akara (potantlal 
for hl^iar "aducatlon atudanta and aducatlon awhagara>* 
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D— aaatratort BaMXtlu Corpon«±oa 

76dO Old Sprlttslww ao»d 
McJUMn, VA« 22102 

Tltl«s ncXCCXX Co^ttMr-^basAd Tr«lntn«" 

Sttbiacfc Hatf g and gducatilonml lTOl±cati.on» 

DMlffoad CO tm a crltarlon-refarancad, ' aalf-pacad XiuiCiructlonal 
tool to proTlda baalc akllla In utb, s^aavar^ and raadlns for iunlcr 
collaga and uni.varalt7**la^ral atudanta and oparatlona or malntananca 
Instruction for military appllcatlona« 

Tmrgat A^di5>nca» Kaaadlal atudanta In blgbar education and military 
aviation . paraonnal* 

D— OMtratort Mlnnaaota Educational Computlns Conaortlum (MEGG) 
' 2320 Broadvay Drlva 

St. Paul, MH* 55113 

Tltlai "Mlcrocomputara aa Inatructlonal Alda* 

Subject Kattar and Bducatlonal I»pll€iatloni . 

Focuaaa on' coaputar appllcatlona for alamantary and aacondary. 
atudanta vbara tha coaputar la an Inatructlonal tool uaad by taachara 
In a claaaroom aattlns or Individual atudanta vorklns Indapandantly 
vlth tha coaputar. Slnolatlona, tutorial axarclaaa, drlllrand-practlca 
laaaona^ and data ratrlaval on auch toplca aa l a n g u aga arta» aleaantary 
aclancap wale thaory. art, alaftbra, aoclal atudlaa, and driver education 
. win ^b« ahown. 

Taraat AHdlaorat Slanantary, aacondary, and higher education atudanta* 



De mooatrator t tfatlonaX Captioning Canter 
. .5203 Laeaburg PUta 

yaXla Church, VA. 22041 

Title 1 "Cloaad-captloned Televlalon" 

Subject Matter^ and Educational laipllcatlon t 

Preaanta a working wdel of doaed-captlonlng of televlalon 
programing that la dealgnad to benefit baarlng-lapalred peraona. 
Such a ay a tern also can be uaad to aid children with learning dla** 
ablUtlaa. 

Target Audience » Haarlng-lapalred peraona and children vlth 
learning dlaabllltlea« 
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Im - P— OMtratorf SUMT at Oeony Brook 

Colloso ot Boslnoorlng 
Stony Brook, H.T« 11794 

Tltlol "Microcoaputom nnd I^nmlns Envlrotuwacs" 

Sttbjoct Hattor nnd EducatlonmX lapXlcatlon t 

Prosenca auch prograu as nlvulntlons* drlXX— and'-practices, and 
gaMa In mathaaatlca, aclance, language arta, and oualc- In addition, 
a naw coomnlcatlona davlca for tha naurosuacularXy handicapped, that can 
IntoracC with coaputara and other aegmanta of the peraon*a environment, 
wlXl be daaonatrated* Such e nlcrocoaputer'-baaed learning experience 
takea advantage of the dlacovery aode of learning, proMtes conputer—baaed 
learning over conventional teaci&lng oMthoda, and preaents educational 
leaaona and concepta In a nev and creative vay. 

Tarttet_^Aiidlenca t Kindergarten through higher sducatlon* 



8« DMiongt retor t Unlveralty of California ' Xrvlne 

Educational Technology Center 
Xrvlne, CA, 92717 

Subject Matter and Educational Implication » 

Prlaary emphaala on aclentlflc literacy, physics, and statistics 
taught through the use of Blcroconputers* Major advantages to such a 
nysteoi are Cl) the student is In an Interactive learning envlronnent and 
C2) the learning experience la IndlvlduaXlaed to each participating 
student. 

9* Deaonstrator: University of i^elavare 

PLATO Project 
Newark, DB. 19711 

Titles **Appllcatlons of a PLATO Coaputer-based Educational Syatea* 

Subject Matter and Educational Xapllcatlon, ! 

Deaonatrates varied topics with an eaphasla on pbyalcal and social 
sciences, arts and huaanltles, health applications, and basic skills. 
Plato provldea a highly flexible learning system with considerable 
huaen engineering factors, graphic dlspXaya, and Interactive capablll* 
tlea designed Into the -leamlns Process. - 

Target Audience i Kindergarten through higher education* 



67-283 0 - 80 - 16 



239 



236 



10. 



DiaoMCratort Bfcah Stata Onlvaralty 

Slaccapdonal ChlXd Cantar and 

Cantar for InatructlonAl Product DevclopMOt 
Locally UT» 94322 



Tltlas "Mlcroco^utar/Vldaodtac for Xntaractlva CAl for 

the MantaXXy Bandlcappad" 




tamchlas awtbod daparta f roK tba traditional CAI laamlng prograaa alnca 
proaantatlona ara^sada In non-vrlttan formats » thus banefltlng non-readara* 
Tha HabraakA ETV.Hatwork vldaodlaca axplora tha Xlmlta to vhlch Interact Iva 
vldaodiaca can ba uaad In Individual Inatruction ^Spanlab pronunciation at 
tha aacondmry Xaval) and group Inatruction (baalc tuabXlng sklXla at tha 
alAMntary XavaX)* 

Targat Audlanca t- HantaXly handlcappad and ncn-raadera of aXX agaa* 
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Thm TTiilii ii—U I vlah u thank uch of thm draoutnfeora for ttolr 
•ntbualastic involTWMnt and participation at thair cm ajcpaooa In thla 
aasMQt of tha "XnforBatlon Taehnolosr In Sdueation" aaaloar* Xn addition^ 
tha SubcoanttCaaa and draonatratora appraclata tha oooparatlon of tha foXloirln£ 
oTumtmrnttonm In providing nacaaaary aqulpaant and aarvlcaa for tha daaonatra* 
tlon prosrami 



Dafanaa Advanead Raaaarch Projacta Agancj 
U«S« Dapartnant of Dafanaa 

Dapartaant of Bnsloaorins 
Unlvaraitr of Haryland 
CoXXasa Park* Haryland 

Olirlaion of BducatlonaX TachnoXogy 

O.a. Dapartnant of HaaXth» Bducatloa« and VaXfara 

Houaa Information Syatana 
CoHalttaa on Houaa Adalnlstraticn 
O.8. Bouaa of Rapraaantatlvaa 

Taktronlx Inc. 
BockvlXla» Maryland 



Tarak Corporation 
ScottadaXa* Arlxona 
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TfcAMflPOKIAJXOH TO DKMOHSTRATIOliS 

▲ •pselal shuttX* bos will zmkm participant c mod eonsrasBlonal mtmtM 
trom thm Rayboni Housa Offlc* BuUdlos (South Capitol. St. antranca> to tha 
Booaa Off lea Bulldlns Axmax Mo» 2 (2d or 3d Sta- and D St* S.W») avary half 
.hour haslnnlns *t 5il5 P-M* Tha ^Mt dapartura fro» Bouaa Offlco Bulldlns 
Aanax Ho* 2 will ba at BtOO P.M. 

Uatro Subway la aTallabla batwaan lat and C St. S.E. (Capitol South) 
and 3d and D St. S.W. (Vadaral Cantar S.W.) durlns tha antlra danonatratlon 
porlod. 
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:^-ZHnSKikTZOH TBCHBDLOGT IH EDOCATIUH: 
FABTZCIFABTS OF WOBKSBOP DISCOSSIOH GROUPS 



5pon«or«d by 

The Subcc»Klcc«a on Sclenc«» RMearch and T«chiiology 
PiiMf f I on Sdsnctt and TecfanoXosy 
U.S. Housa of Xapraaantatlvas 

and 

Tha Subcoanlttaa on Salact Education 
CiiMf tfeaa en "Kducatlon and Labor 
U*S. Houaa of RapraaentatLvaa 



April 2-3. 1980 
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ln»^ruct-1 on 
Datpb* oC OinrJlculun 
Clilemgo Bo&xd o£ education 
QlJ^pgOr XX* 60602 



PranX Wltlirov 
Bdttca^onaX Technology 

D^pt:* oJC BducatdLoa 
W«i»h1ngrton» DC 20202 



Parfclcipanto 

Syractxs« an±v* ScbooX of Education 
Bynaomm, NY X32XO 



f lia^oii:*! OotmclX ot TMchars 
I X906 AsaodatJxui Drlv* 
1 Hmmtjonp VA 2209X, 

CacU, aon 

PobXlc Broadcaae±ag s«vlca 
475 Xi'ltefan^ PXasa. Sif 
WaaMngtonr DC 20O24 

CXayton# Smes^ M* ^ ^fVm 
Anna AmodaX Country Public 
. School a 
, 2644 mva Road 
] An»apoXls« HD 2X40X 

XXXla^ Suaan 
' GLxm Pol>11 nhing coapany 
19X spring S^raat: 
Iiaadx^gtotir lA 02X73 



Xngalxiayaz'^ wiXXXaa iT^ 
BaX^lmora Country Pnhllc ScbooXi 
JlXlagbany and CanteaX Av^m* 
MD 2X204 



' RarpaXr Jin 

I CEMREX^, Inc. 
; 3120 59th St. 
I St. £ouiar HO 



63X39 



oT Mathamatiica 



HonkttXa, Rav* Edmund 
: St. Aaaalm's M»bay School 

450X S* DaScota^ KE 
^ Kaahlngton, DC 20017 

SocJclng, WlXen 

Sacondary Hathaoiatilcs 

Hon tgxxM ry County Public School* 

eso Hungar^ord Dr. 

nookvlXla, MD 208S0 

Bo££Ban, ZnrLn ^« 
C uaftju teay Nathaaatlca 
O ao r ga waablngton High School 
655 South ttonoco St. 

CO S0224 



W0 iw W ■ I I A* 

HwnrhiiBBtt ■ Stata Board o£' Education 
% Klnafac ODxporatlon 
XO PXaatlca straat 
liordiaatarf MA 01604 



BofAttan, Robart 
O'axlcho High SchooX 
534 Pallida Dr- 
Jadcho^ NY XX753 

KoaKvaldv P* Kaxuiath 

EPZB Xnatltuta 

P.O. Box 620 

Stony Broolc^ tnr XX790 
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Ginn PqfeHfthing Co. 
XA3cln9«on, KIk 02173 

XO*OP Ctr. Inc. 

3781 Starr Xing drcXe 

»«Xo Alto# Ok ; 

Tfiiliniin J ' -M^li-^^ 

VecfanleaX Bdtirafrinn Rmmtc^i 

: ' Cmnt:mvm , 

8 SUot StSMC 

Gnbjrld9«# MX 02138 

8Mrl#«# 3tiha S. 

Tto P«nn«ylvanla, Stata 

Gkilv«ralty 
146 Chaatera Building 
Onlvaralt^r Park, PA 16802 

8bamn# Matthaw 

MttcaM nnal Testing Sanloa 

PrlncatMr t» 08541 

8tardlvant# Patarlda 
Pt^~ ZV Bdncatlon Sawlca 

Oazktar 
BOX 863 

0o«aatcaa« n 770O1 

Xboopaoa^ SM 
Cilwn s<teol 
SCOT Boland Amnua 
Baltlaora, MD 21210 

ZBK Ooxporatlon 
10401 Famvood Road 
Bathaadar MD 20034 

KaUjsh, Ttaoaa 

HanrBMlTB Dapt. Bdacatlon 

ITV Sarvlcaa 

Stata OCrica BoUdlng 

301 Gantannlal Mall« South 

XJAOOlAr MS 68509 '^i^ 

wataon# T^orxaat B. 
aarat-Eolaaa^Bad tord xndapandant 

Scdiool District 
1849 cantral Drlva 
Badfiord^ TX 76021 
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Recorder 



Xarl zinn . 

Center tor Besearch on lioamln^ 

ancX Teaching 
OXLlvttsral^ o£ Michigan 
X09 E. Madison 
Ann Axbor, MX 48104 



Dorothy X* Cerlngez 
Division ot Sirlence Education 
Nestlonal Science Foundation 
Hashlncrton, DC 2055 O 



Participants 

A13can» Robert M. 
^ftm Oalv* of . ^numessae ' 
Ouioyutar Sdancm Depnxtiaent 
XnoxvlXItt, TN 37916 

Braon, I.udwl9 

Dqpt. ot Tmdhnolo^ and Socle'^ 
SCMY, Stonay Brook 
Stoney BrooJc, NY 11790 

- * 

Fltxg«raldr FranlcXln 

fiostoci Dnlvarslty/School of Education 

36 Ctnrml ngton S'trea^ 

Boston, MX 0221S 

GlXla«^l«9 Itober^ G» 
Unlvaxalty of Washington AG-*75 
SaattXe, Wi 9dl95 

Goldboga n j> C» Geoffrey 
n t nl o n Oollege 

OoBfputar Sdanoa Department 
Schenectady p N3f 12308 

Gol^t«ln, Jinny 
Public Broadcasting Service 
475 Z** Enfant Plaxa, SH 
Washington, DC 20024 

Baahlen, John W« 

Unlver-slty of Missouri — RolXa 

RolXa, MO 6540X 



Haugh, Rita E* 
Xndltuia University 
Ernie Pyle Ball, I.C7. 
Bloomlngton , IM 47405 



Paul S» 



Bailer- « 
EDUOOK 
P«0« BOX 364 
Princeton « NJ 



08540 



Jdr schfaiuhl « John J. 
%e Unlvexslty of Akron 
308 Carroll Hall 
AJcron, OB 44313 

Jackson, David M» 
Glf tad^alented Institute 
2033 Headlands Circle 
Reston, VA 22091 

Johnson, Donald 

Ae Unlvef sity of Wisconsin 

SpAce Science Engineering Center- 

1225 W. Dayton St. 

Madison, WX 53706 

Johnson, Jla 
134 

tlnlversity of Icwa 
Iowa City, lA 52243 

Xaller, Ulster* Mary 
Director of O oei p uting 
Clarke College 

Cla.rke College Dubuque, ZA 52001 
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H.a. mOacmtLixmrnX Oonputar ttatMork/ Xi&o* 
P*0* ?)oac 390 

Haw Bcmmlclc, MJ 08903 

XMnA im, Gasolyn P. 

P.O. Box 364 
Prlnotttoiir 08540 

IMX^, BllX 

Slox-^lMxxi PlAlns Oonsor^txm for Sducat:i.on 

XSSr DlcldMon stiate COlXego 
Dlcfclnaon, HD 5860X 

NanhaU, 8i«t4ur P«t:f Ida 
Xavl.«jr llalvttjra±t:y o£ Zmil«lan& 
7325 Palaobto Steaot: 
B«(V Oz-lMU, U 70X25 

KlXXw, David C. ^ 

Chi caqo dJTcXa Caopua 
Box 4348 

Oilcago, n. 60680 

NltuMl^ Harold S. 
Tha PannsyXvania St:at:e imlv* 
243 CThambera BuiXdXn^ 
CZnlvarai.^ ParJe, PA X6802 

PtediiJc, Robart: A. 
C±l^ Vn±v^ of Kaw YorJc 
P.O. Box X36, Bay S^. 
BrooU^, Mr XX235 

SalXax^^ Bonnla A. 

PZATO Pxojac^r Obiv. of DaXaMare 
46 Saat DaXawan Ave. 
Ha«faxk« DB X97XX 

Stiagax^Snow^ DanXa 
Graduate SdtooX of Bd. 
St ufc qaga nbJ.v* 
16 JttHipar Row 
Prlnoaton, 08540 

Saabo, MlchaaX 
tta PasmayXvaniA StJite o^v. 
202 caiaMbara gglXding 
I3kii.vaaraj.ty Paxfc, PA X6802 



HnXvaraXty of Towall 
Z>apt;. of Matlia&at:Xca 
ZiOwaXX, NA OX854 

WJLaanar, Pat:ar 
Saaax Ooimtiy CoXXo^ 
303 CftiXvaraXtiy Avonua 
Hawaii, UJ 07X02 
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lauikijAgten, DC 20002 
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Washington « DC 20540 



VA Bahiib> gogiJiaar±ng R&S Sorvlco 
wsaahington, zx: 20420 
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Kil«s# ZZi 60640 

Bet^Mlatar, Alan M» 
SchooX at OTJidbate Stiudltts 
Utab Steta ai»i.wrv5.t:y* -nMC-14 

XoCaxsoXl, J'asa 
. In uu » J i t lva Qy^^Ms Raaa«rcb 
162X ncJlid AwiM 
Cl«Mland» OH 441X5 



ShaaJT, Ra^Hann 
BacJumsadc Public ScHools, 
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Haywood; 07607 



WllJclnBoa, Jade 
■ unlvarsXty b f " wortiHorn Iowa 
HalOMmi^ca Degpaniment 
Cadar Falls ^ lA 50613 

Milson, iclrk 

Boston imlvaxsi.t:y XI«XAO Projacrb 
^^019 OottBxmwaaX^ Ave*, 2nd floor 
Boatm, KA 02215 



McCain* Gaor9a 

dlffslda Paxlc Public, SeKooTs, 

14 Mndflor Dc. 

Park MjA^, W 07675 

Mlchaal* vr*aarl«?k 
Ball and HotMXl 
7100 McCozxlcfc »oad 
X>«g^e. 0549 ' 
Chlciigor Xt* 60645 



Unlv* of VabzasJta-Z-lncoXn 
31B Barklay Man* Ctur. 
ZJjiooln» HB 68583 
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WayMngtwo, DC 20510 



GolorAdD State Univarylt^ 
Vteli Oolllu« CD 80521 
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Suite 70X 

Waahl ngean» DC 20O06 
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Bole, a«r«2»fc, fi NvMan 
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Bodar, Barold 
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Graduate ScbooX o£ icrtiiratloo 
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